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A..— Breaking of rails. 


Classification of rail failures. - 


_ Even with the elaboration of the cap- 
tion, the reporter is confronted with the 
necessity for his own interpretation of 

_ the meaning of « broken rails », which 
may be quite different from that of 
_ Europe and Great Britain. In the United 
_ States and Canada, the general and com- 
_ prehensive term for a rail which is con- 
sidered unfit for further use in the track 
_ by reason of a suspicious defect, though 
ql it may not be broken, is « rail failure ». 
The « broken rail » is but a sub-divi- 
sion of « rail failure », though the most 
a mportant sub-division. 


0 This question runs as follows ; 


When a rail shows the slightest suspi- 
cious defect, it must be removed from the 
track as quickly as possible, and be re- 
ported as a rail failure ». It may be 
a dark colored black streak on the ser- 
vice surface of the head longitudinally 
with the centre line, 4 rust streak hav- 
ing the appearence of a minute crack 
underneath the head at the junction with 
the web, a longitudinal crack in the rail 
web, or something which has the ap- 
pearance of a crack or fold in the base. 
All these are « rail failures », but not 
« rail breakages ». They are removed 
because they may become « rail break- 
ages » with continued service, although 


« A) Initial causes of breaking of rails : means employed to reduce the 
mber of these breakages, as much from the point of view of the method of use as from that of the 
tification of material employed. — B) Rail joints : most economical and efficient arrangement. » 


~ 
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it is possible that the defect might de- 


velop so slowly that it would not break © 


down for a considerable period. Even 
then it may not become a « broken rail », 
but would be classified as, « flow of 
metal », « crushed head », « split head », 
« split web », or « broken base », and so 
reported. 


' Reporting rail failures. 


In order that these classifications be 
understood, a copy of the « rail failure 
report », with the rail failure classifi- 
cations on the reverse side, is illustrated 
as. Exhibits 1 and 2. They are based 
on the track foreman’s common ap- 
pelation applied to the different kinds 
of failures, except in the case of 
« transverse fissure », and are not 


such as might be given by an engineer 


physicist or a chemical or metallurgical 
engineer who whould base his classifica- 
tion upon the « cause » as discovered in 
the laboratory. This is impraticable, as 
the name must be given when the defect 
is discovered in the track, and a very 
small proportion of the defective rails 
ever reaches the laboratory. 


The question of orderly and systematic 
method of reporting and studying rail 
failures confronted the Rail Committee 
of the American Railway Engineering 
Association early, and the plan as finally 
adopted is given in considerable detail 


in Proceedings, American Railway Engin- 


eering Association, vol. X, part I, 1909, 
p. 339. 

It is thought by the railway engineers 
of the United States that there has been 
misunderstanding on the part of the rail- 
way engineers and rail manufacturers in 
Great Britain and Europe in regard to 
this designation, « rail. failures », and 
that they. have been considered as « rail 


breakages » in making comparison with 
the breakages in those countries. 

There is another cause for discrepancy 
in making comparisons, which exists 
between the railroads of North America, 
as between some of the railroads of 
North America and those of foreign 
countries, and it is that certain portions 
of main tracks of light traffic laid with 
« fit » or « repair » rail or even new 
rail of light weight are excluded from 
the rules for reporting rail failures. 

The Rail Committee of the American 
Railway Engineering Association con- 
siders, in order to make comparisons of 
failures accurate and fair, that rail 
failure reports should be sent forward 
for all main tracks, no matter what the 
difference in traffic might be, and for all 
kinds of rail, no matter what the weight 
or ‘the section or profile might be, or 


whether or not it were laid with new or 


old rail. This result has not been ac- 
complished entirely as yet. 

This explanatory statement is neces- 
sary, for the railroads which have sent 
in answers to the « questionnaire » of 
the reporter have assumed that « break- 
ing of rails » include all kinds of rail 


failures, and the reporter will deal with. 


the subject, therefore, from that point of 
view. 

There are sufficient differences and 
omissions in the answers received to 
make it impossible for the reporter to 
make a tabulation of them, and he will 
be obliged to present the study somewhat 
differently from the arrangement of the 
questionnaire. . 


Rail failure analysis. 


Rail failures can only be studied 
quantitatively, grouped in different clas- 
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Ho. _ Was signal set to « STOP » by Break?............. Fig. 1. 48. No. of bolts missing ..,..,.... 
Pp Sketch position and shape of Transverse Fissure on « End Section » and state size: 1A. ,........ ee eee eee ee - 
0. State how many additional Fissures were found in this Rail, ifany, .......... and at what distance from first one, 
; 3 and how located with reference to gauge side of head .......... cesses eee cece Gragostens- caduenrsoAdprnane 
he? . How many rails, if any, adjacent to this one were removed because of Fissure ........-:epeses seer cccereencs RG 


_ Draw on diagram defects and lines of break, or partial fracture, such as long pieces from side of head, and half moon 
t ' pieces from base, showing dimensions and following distances : 


(a) Distance from nearest end of Rail to break 
or defect. SIDE VIEW - 


(6) Distance between edges of Ties near break. 


(c) Distance from end of Rail to near edge of 
first Tie « Y ». 


If break is nearest « Receiving 


(d) On double End» cross out words 
or more « Leaving End ». 
main If nearest « Leaving End » 
tracks, cross out words « Recei- 
ving End ». 

if accident or dsteation to trains was caused by Briak, 
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: SGndiated i the oe pres el vertical 
, Ra ‘The « Kind of Steel » (Question 5), is ‘Bessemer 
Chrome Nickel «(QN.)» or other alloy or w 
H. The « Heat Number » (Question 6), and the « F Lett 
. the web opposite to the side on which the « Brand vi 
° I, « Degree of Curve » (Question 16), and « No. of Curve » (| 
8S, Sonn Joints applies to Rail where failure starts within len 
K. pe. « iep ee » is stamped on the side of the web 


B)» ; ; Open Hearth 40. H 
{ making . 


ae Z os DESCRIPTION OF. RAIL FAILURES. 


ae aoe es , When describing Failures of Rails, the following terms should be used : =f 
b: UA BROKEN BAILG. 3 ose 7a . 

ae _ (A) Transverse Fissure. — A crosswise break starting Be acenter ‘inside 

“i o the head of the rail from which the defect spreads outward. The 

eg broken rail will show a smooth bright or dark oval spot in the 


Ad otal Ps ‘ (B) Ordinary Break. — This term covers all partial or complete fractu ESP 
5, 7 (square or angular breaks) in Rails in which there is no Transverse — 
ae or Horizontal Fissure, and in which none of the defects or damage 
san ; described below are visible. 


F 3 " SQUARE is ANGULAR 


es FLOWED HEAD. — This term means a « Rolling out » of the metal on top of the head toward ete ae it 
showing any indication of a PSE down of the head structure ; ‘that is, the under side of the head is not distor 


or Sent 
. CRUSHED HEAD. — A « Flattening » » of the. head usually accompanied by a crushing down of the me 
any indication of a crack on the underside of the head. 


Se 


4. SPLIT HEAD. — This term ieee Rails split sitar oe or near the middle of the head of Rails wath pieves at 
side or the end of the head. When this term is used, it should be reported whether it is,-or is not, acco 
a seamed or hollowed head. 4" 


= 


5 SEL WEB. . —A longitudinal crack along the side of the _ 


6. BROKEN BASE. — bee break in the base ofa Rail. It should be described and sketched on t 


front page. ’ 
2 le sz 


7. DAMAGED. — Under this head will be included all Rails Rae or injured by wrecks, hroken wheal ‘ : 
similar causes. 


' 
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sification if desired, or by a chemical, 
metallurgical, and microscopical survey 
of single rails, which includes the melt 
of metal from which they were rolled, 
and the mill operations of manufac- 
mre. 

Rail failures are too numerous for the 
plan of putting them all through the 
laboratory” survey, and _ accordingly 
quantitative statistics have been used for 
comparing the product of the several 
mills with one another, and the differ- 
ence in service obtained by the different 
railroads. 

Quantitative statistics, in order to be 
_ of anyse, must be placed upon a « unit 
basis », and this unit should be a true 
measure of the service performed. This 
unit is, of course, the ton-mile of traffic, 
but it is not complete in itself as there 
is another element of variability, the 
character of the alinement of the track. 
This is more important in the study of 
rail « wear » or durability, but it has 
an important influence on rail failures 
as well, for the rail is more severely 
punished on the line with very sharp 
(short radius) curves than on the one 
with a greater proportion of tangent 
track and long radius curves. 

However, with the great variations in 
traffic on the different portions of a 
railroad system, it is impracticable to 
obtain a correct division of the traffic 
on these different portions and over the 
several tracks of a three-, four-, or mul- 
tiple-track railroad, and the establish- 
ment of a unit of comparison for topo- 
graphical location and other physical 
characteristics as between railroads is 
impossible. Therefore, as the next best 
subsitute plan, the American Railway 
Engineering Association has adopted the 
unit of 100 miles of track laid with the 


, 3 


rail to be studied for the purpose of 
making comparisons. . 


Record of failures. 


The latest compilation of quantitative 
figures of that Association is given in 
the table 1 and diagram (fig. 1). The 
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measure of performance of each year’s 
rolling is taken as the failure per 
100 miles of track for five year’s ser- 
vice, the failure rate for each year being 
based upon the amount of the rail left 
in the track at the time of the report. 
It embraces the record for about 
1000 600 tons of rail laid annually. 
The diagram shows the improvement 
in the reduction in rail failures (not 
breakages) since 1908, and « the dream » 
is the curve of hoped-for future accom- 
plishment drawn in 1915, and shattered 
by the war period of neglected main- 
tenance and hasty manufacture. 
However the four-year record for the 
1918 rolling shows a decrease which 
may indicate future reductions, and the 
resumption of « the dream ». 
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TABLE 4. 


UNITED STATES AND CANADA. 


Accumulated failures for rollings from 1947 to 1924. 
(Per 100 track-miles.) 
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Ratio of types of failures. 


For railroads of heavy traffic, the 
predominant ratio of each classified type 
of failure to the total is approximately 
as follows : 


TABLE 2. 

Classified type atte: mig era 
of rail failure. failures. | vary from. 
Broken rails : Per centum. | Per centum. 

A. Internal transverse 
AISSUT Eine che es 20 15 to 28 
B. Ordinary break . . 31 30 to 35 
Flow of metal. ..... ... 3 1to 9 
Crushed head... ... 4 5 to 20 
Splitchead 3. sats. s 17 15 to 20 
Split.web.f eyesore 24 10 to 25 
Broken base. ...... 4 1 to 17 

[bien 


When the roads of light traffic are 
considered, it is found that none of the 
broken rails is of the transverse fissure 
type, and indeed that rail breakages are 
so few that there is no problem of rail 
safety. The strength of rail and metal 
are so far beyond the requirements of 
traffic service that there is no menace 
from rail rupture. That is the principal 
reason for fewer rail failures in one 
country than another, or on one railroad 
compared with another. The ratio of 
strength of rail and metal to the service 
rendered is greater in one case than the 
other. 

There is an important exception, how- — 
ever, to be borne in mind and dealt with 
later on in this study, and that is the 
fact that all the product of all the mills 
is not of equal quality. There are dif- — 
ferences in mill practice which’ result in 
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better finished material, and this leads 
us to the division line of the question- 
naire, « Breakages attributable to the 
use to which the rails are put », and 
« Breakages attributable to defects in 
the metal in the rails ». 


3.  Breakages attributable to the use 
to which rails are put. 


Effect of age. 


Having assumed that the rail metal 
was homogeneous and of a prescribed 
strength, it was the problem of the ear- 
lier engineers to proportion the rail as 
a girder for the traffic it was intended 
to carry, and he was obliged in addition 
to forecast the future for many years, 
and make adequate allowance for the 
hoped for increase in business. It is 
plainly evident that the effect of « age » 
on the problem was nil, except in so far 
as rail renewal was postponed beyond 


This statement of the Illinois Central 
Railroad is shown because it is given in 


its service limit. The accompanying 
sulphur print illustrates this well, as the 
rail was used:'in the main track of a 
minor division continuously for 34 years, 
and is not much worn at that (fig. 2). 


Breakages in each contract. 


Only five of the respondents to the 
request for number of breakages of rails 
up to five years old, between five and 
ten years old, and so on for each five 
years, have furnished information and 
their answers include all kinds of 
failures as well as breakages. Not being 
expressed on a unit basis, amd ccvering 
but a small proportion of the mileage, 
they cannot be used in comparison. The 
best information has been given by the 
data of American Railway Engineering 
Association, outlined above. 

Only two of them can be tabulated in 
table 3. 

A third railroad gives its tabulation 
as follows : 


Type of failure. Broken. Split head. eksomcn te 3 ganches Base break. Total. 
4st 5 years . . 203 593 187 471 307 1 464 
2nd 5 years .. 2417 4 547 716 180 275 2 905 
3rd 5 yers. . 165 14144 586 TA 74 2 037 

Total... 585 3251; |- 4489 422 656 6 403 


accordance with the unit basis, and is 
complete : 


Total failures to date per 100 track miles per year of rail in service. 
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Year rolled. | Broken,’ | Head, 
1916 Ss ae pee 1.75 23.0 
195.9" e ee ee gin: toe dOT cane 
4920.25, nes aeie oceeaee 0.81 19.8 
1921 (Utah awe wth 0.96 6.2 
1920 ee 0.83 


Total., 5 years. . . 


| Fissure, Web 


| Base. | Remarks. 


5.41 3.58 0.43 

9.02 6.45 0.78 All: 
3.40 “ear (0 0.52 90-pound RA-& 
4.20 4.93 0.48 section of rail. 
0.42 Pes 0.84 
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Effect of wear. 


At the Institute of Transport Congress 
in Sheffield, June, 1923, Sir Robert 
A. Hadfield (1) « said that rails failed, 
in the main, either by fracture or exces- 


_ sive wear ». 


As a general rule in North America, 
rails are not allowed to remain in the 
track until they are so much worn that 
they are unsafe. 

They are needed in other tracks of 
different and lesser service, and the im- 


portant tracks carrying heavy traffic at 


high speed obtain the advantage of new 
rail. They are thus kept in a higher 
degree of condition. 

The rules for allowable abrasion be- 


_ fore removal are not uniform, as the 


conditions of service are quite different 
in the many territories of operation. 
Generally, however, on curves 20 to 
28 % of the head area is worn away 
before replacement, although on curves 
of 3° or less, replacement will be made 
probably for other reasons before that 
amount has been lost. On tangents, the 
practice is more variable, because in 
some cases rail is replaced much before 
worn out on account of being required 
in good condition for branch service. 
This may be as little as 1/8 inch for 
85 or 90-pound rail, and as much as 
3/4 inch for 130-pound, and 5/8 inch 


_ for 100-pound. The worn rail classifi- 


cation gauges in use on the Pennsylvania 


Railrold system are illustrated in fig- 


ure 3. 
Therefore, rail-wear as a factor of rail 


breakage in rail service need not be of 


much importance. Rail-wear, however, 


is studied constantly by the engineers 
in an effort to obtain metal of greater 
_ resistance to abrasion in order to bring 


ee eee 


(') Engineering, 22 June, 1922. 
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about economy in renewals. Having 
to renew rails in certain locations every 
nine months under heavy and con- 
tinuous traffic, as is done in some loca- 
tions on the Pennsylvania Railraod Sys- 
tem, has caused that company to devote 
much study to the problem and to carry 
on extensive service trials. 

In order to bring about greater resist- 
ance to wear, railroads have made trials 
of alloy steels which require. heat-treat- 
ment to develop the full value of their 
effect, and heat-treatment of carbon steel 
without alloy. 

The latest ccllection of data from ser- 
vice trials of these selected rails, man- 
ganese steel, nickel, chromium-nickel, 
and steels with specially active oxidizers, 
titanium, aluminium, vanadium, high 
silicon, etc., is contained in the reporter’s 
report on question III, Special Steels, to 
the International Railway Congress Asso- 
ciation, ninth congress, Rome, 1922 (*). 

The progress in heat-treated carbon 
steel rails was recorded, and data given 
in connection with special trials of rails 
finished in the electric furnace, rails 
made from Hadfield sink-head ingots, 
and rail-heads cooled by an air blast in 
accordance with Mr. Sandberg’s patent 
for producing sorbitic microstructure. 

Manganese when raised to. the amount 
of 10 to 14 % has won an important 
place in rail steel on account of the great 
«toughness and resistance to abrasion on 
sharp curves of the resulting steel, but, 
on account of its high cost ($155.00 per 
ton) it is only economical for those 
curves of short radius where the traffic 
is heavy and grinds away the carbon 
steel in a brief period. It is not econ- 
omical for tangent track or track with 
long radius curves. It has certain short 


(') See Bulletin of the International Ratlway 
Association, June 1924, p. 577. 
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Although trials of manganese steel to the end of the voit 1923, ab durin 
‘pail have been made by a dozen other the current year, the Ilinois Steel € Com 
railroads, those which are making use pany has rolled manganese rail of 1 
of the manganese steel rail at the present 150 a Pe NE section for - 
time are the Delaware,. Lackawanna & 


ae Western Railroad, Southern Pacific.» 
= Company, New York Central Lines, and 
Rap Pennsylvania Railroad System. No man- 
Ske ; ganese rail. of heavier section than 


100 pounds per. yard had been rolled up 


not be considered as having accomplish- 
ed its purpose, reduced-wear at less 
cost. aes : 

The use of chromium-nickel together 
in rail steel in the proportions tried, 
nickel 2 to 2 1/2 % and chromium 0.50 
to 0.90 % gave unsatisfactory results 
because greater resistance to abrasion 
_ was at the expense of greater brittleness. 
Alloy steels require heat-treatment in 
order to develop their resisting proper- 
ties. That is probably the principal 
reason for success with high manganese 
steel. It may be truce also that the cor- 
rect properties of the other alloys in 
order to make tough and strong material 
of high elastic limit for rail steel have 
not been found. 


Elasticity of formation. 


As long as railroads must be built 
on a yielding soil, there will be elasti- 
city of the formation, but this is a detri- 
ment and not an advantage. The elasti- 
city should be in the vehicle and not in 
the formation. The springs of the rol- 
ling stock should be of the required 
strength and action. The greater the 
yielding of the road-bed under a heavy 
load at high speed the greater will be 
_ the destructive action. The smoother 
_ and more unyielding the rolling surface, 
__ the better will the load be carried. As 
_ this condition cannot be brought about 
_ On embankments of earth, gravel or rock, 
H the railway engineers overcome as much 
_ oi the defect as possible with a thick bed 
_ Of rock ballast, strong ties of substantial 
| dimensions spaced closely together, and 
| _ heavy rail combining strength and 
ee itiness. 

The trials of concrete to replace the 
’ ballast have been doomed to failure from 
the inception because of this yielding 
soil underneath. It was bound to break 
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up as it did, because restoration of ac- 
curate surface and alignment of track for 
carrying heavy loads at high speed must 
be brought about when impaired. Any 
method of constructing track, short of a 
foundation as in bridge work, will be a 
failure if no provision has been made 
for convenient and economic repair. The 
story of concrete track built on rock 
or structural steel as in stations and 
tunnels is quite different. 

No record of the effect of an elastic 
or non-elastic formation upon rail break- 
ages has been furnished the reporter, but 
some have called attention to the well 
known fact that there are more rail 
breakages in winter than in summer. 

It appears to the reporter that the real 
reason is the lack of opportunity for suit- 
able maintenance of the track, and not 
the rigidity of the frozen road-bed. The 
track is frozen very unevenly, according 
to the degree of water saturation, and 
this causes it to be « heaved up » in 
spots as the trackman expresses it, and 
he begins that crude method of restoring 
the surface, shimming. This work is 
difficult to do well and accurately and 
the result is quite an uneven surface, 
bringing about greater shocks and 
additional punishment of the rail by the 
moving traffic. 


Inclination of rail. 


Such systematic and recorded trials of 
track laid with rail inclined in compar- 
ison with track laid with rail axis at 
right angles to the ties as have been made 
in this country have not indicated any 
effect upon increasing or decreasing rail 
breakages, or, for that matter, rail 
failures. Very few such trials have been 
made, and the companies answering the 
questionnaire furnish no data. Several 
of them express their opinions, some of 


No. mn a (approx [ 
thick), properly tempered 
_ The soma gall be m 


‘ 


breakages are reduced by inclined, rail, 
The inclination is usually. Asin 20, 


though in other cases 1 in 40, and 1 


a _ in 44 have been used. The standard 


Vee 


oe | 


entirely different reasoning 4 in 43. 
The Union Pacific System from 


_ theoretical reasoning thinks that rail 
breakages should be reduced by inclined 
rail on account of less eccentric bear- 
ing, while the New York, New Haven & 


No. 4 fit gauge. 
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Hartford Railroad does not think break- 
ages are increased by rail laid vertically. 
The Chicago, Milwaukee & St. Paul 
Railway has not observed that there are 
more breakages laid vertically, but 
thinks that rails inclined 1 in 20 do not 


No. 2 fit gauge. 


Fig. 3 (part 2). — Pennsylvania Railroad System. — Standard worn rail classification gauges 


for 130 Ib. P. S. rails. 


wear as rapidly from tread or flange, 
and are easier to hold in line and gauge. 

Some of the engineers of the Pennsyl- 
yania Railroad System believe that split 
head failures are reduced to some extent 
by inclination. 

Rail canting is being practised by 
quite a number of companies in North 


America, either as a fixed standard, or 
partially for certain kinds of track, but 
it is never carried through the frogs and 
switches of turnouts. 

Quite a controversy about the merits 
of the plan has arisen, and the Com- 
mittee on Stresses in Railroad Track of 
the American Railway Engineering Asso- 
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ciation and the American Society of Civil 
Engineers has been engaged in making 
track measurements of both kinds, ver- 
tical and inclined, with its instruments 
in order to see if new data of conse- 
quence may be obtained. 

In an investigation on the subject by 
one railroad, the problem was laid down 
in ten points of advantage for inclined 
rail, each of which has been commented 
upon in answer : 


Point 1. 


There is an appreciable lengthening 
of the life of ties accomplished by cant- 
ing the rail so as to bring the bearing 
of the wheel as nearly as practicable in 
the center of the rail head, as it is clear 
that the tendency for rails to cut into 
the tie, requiring an additional amount 
of adzing, is avoided. 


Comment on point 1. — The reason- 
ing in this answer is unsound, because 
the avoidance of cutting of the tie plate 
into the tie is brought about by using 
one of suitable size and properly propor- 
tioned inside and outside of the rail 
without any regard to the question of 
canting. Such avoidance has been 
brought about with flat plates many times 
by the use of a suitable size and properly 
proportioned plate combined with ade- 
quate maintenance. In fact, the tend- 
ency to cut into the tie at the outer edge 
of the tie plates is promoted by canting 
the rail instead of diminishing it, as 
shown by diagrams illustrating the lines 
of resultant force produced by a heavy 
locomotive when passing around curves 
of 3° and 6° respectively. These lines 
were determined by a study of the loco- 
motive tests to determine outward pres- 
sure, when rounding curves, of the new 
designs of electric locomotives and by 
mathematical development. Attention to 


this fact was called in the following 
words : 


I call attention also to a part of the 
problem which has not usually been 
mentioned, the theoretical advantage of 
the axial center bearing on the rail head 
by canting the rail is realized only when 
the rolling stock is standing still with 
new wheels on new rails or when run- 
ning without side lurching. The latter 
is a very rare condition, as there is 
nearly always a side thrust on the rail, 
even on tangent, and in the case with 
our lines with large per cent of curva- 
ture, the side thrust is very important. 
The vertical load and ‘side thrust pro- 
duces.a resultant pressure which falls 
far outside of the center of the vertical 
axis of the rail, and with center bearing 
on the rail this position of the resultant 
pressure is at a greater distance from the 
center than when there is a bearing be- 
tween the center and the gauge of the 
rail head. What, therefore, is gained by 
a center bearing with the inclined rail is 
largely lost by additional distance of the 
line of resultant pressure ‘rom the cen- 
ter. Information on this point has teen 
carefully worked out in American Rail- 
way Engineering Association Proceed- 
ings, vol. X, part II, 1909, p. 1432. 


Instead, therefore, of the value of 
canting being greater on curves, as: 
against the tendency to cut ties, the con- 
dition for cutting is aggravated. 


Point 2. 


The wear on the head of the rail will 
be more symmetrical and probably the 
life of the rail will be lengthened, es- 
pecially on curves, by canting the wheel 
bearing as nearly as practicable on the 
rail head. 


Comment on point 2. —- With worn 
wheels and rail heads, which is the pre- 
vailing state of affairs, the advantages 


eu dhiacy 


ie ark Baer 


which might arise from a center bearing 

_ on the rail head are very theoretical and 
‘indefinite. In some cases where the 
wear on the rail head has been very un- 
even, the cause has been poor mainten- 
‘ance with an improperly proportioned 
tie plate on the low rail of-a curve, 
which must bear more than its share of 
the weight of a slowly moving freight 
train around a curve which is super- 
elevated for the higher speed passenger 
_ traffic. ‘With all of these years exper- 
 ience with upright rail we know very 
' well that for the most part the wear on 
the head is quite symmetrical and even. 
_ This has, been well illustrated by prints 
_ of rail sections which have been in ser- 
' -yice for a long time. Upon the receipt 
bm of copies of these prints by a chief 
engineer, he wrote « In looking at the 
_ sections of low rail, I am surprised to 
see how in many cases the wear on the 
| top of the rail head had been on lines 
_ closely parallel with the original top, 
and so I am writing to ascertain whether 
the rail was laid with flat or inclined 
» plates.» To which the reply was made 
| that they were laid with our standard 
- flat tie plates with the high rail elevated 
1 1/2 inches. Rail, therefore, may be 
found in the track with any degree of 
uneven wear on any kind of tie plate ac- 
Beording to the lack of proper mainten- 
ance. 


Point 3. 


Canting of tne rail counteracts to 
Some extent the side pressure of the 
Wheels, especially in running around 
€uryes, and also the side blows on tan- 
gents caused by the nosing of engines. 


_ Comment on point 3. — This is un- 
_ sound reasoning, already commented 
- upon in point one. The claim that cant- 
mg of rail reduces the wear on outer 
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rail on curves very materially, which 
would follow from this, has not been 
substantiated by tests we have con- 
ducted and quoted in previous communi- 
cations. Rail wear and pressure on the 
outside rail is due to flange of the loco- 
motive wheels changing the direction 
from a tangent around the curve, and 
certainly is not affected by inclination. 
The two subjects do not belong together 
mathematically. - 


Point 4. 


Canting. will remove some of the 


stresses in the rail by the wheel riding 


over the web in place of one side, sug- 
gesting the conclusion also that trans- 
verse fissures may be due to the eccentric, 
bearing on the side of the head which 
would be hindered by the canting. Rail 
breakages on one division as against 
those of another division are quoted to 
substantiate this idea. 


Comment on point 4. — Transverse 
fissures are not caused by the traffic 
borne by the rails, but by defects in some 
of the processes of manufacture as point- 
ed out in numerous reports of the results 
of work at the Altoona Laboratory. They 
are developed in service by the wheel 
loads, and the heavier the wheel loads 
and the greater the tonnage of traffic, 
the more rapid the development in all 
probability. The idea that transverse 
fissures may not occur with center bear- 
ing on the rail is shown to be incorrect 
by reports of rail failure investigations 
by the Altoona Laboratory, Nos. 3589 
and 3590. These reports also make the 
statement that the internal cracks were 
probably developed at the time of rolling. 


Pomrt 5. 


Rail with inclined tie plates holds the 
gauge better. 


bie of ney ee been ae to su 
port this statement with proof. _ 


x“ tn y Point. 7. pc ae 
eps By having the center bearing it a ee 
4 : - thought that here is less palienns of rail — 
; joints. 


«2 Comment on point 7. — No evidence wher rigit 
4 +3 of this has ever been collected, but it is the custom to carry the 
not believed that inclination of the rail through the pont ae 
has. any appreciable effect in reducing iy ape ‘oe 
; battering, which is more likely to be the ; Powe 10. 
“ cause of poor maintenance combined > 
with weak joints. Experience over many 
years has been that it is entirely possible 
to maintain first class and most excellent 
track with rail laid vertically, which has 
-always been the practice ‘until recently. 
The experience of other companies has 
been the same. 


Pome 8. of: a ‘a6 ste “ i 
Pere on ‘its base. 


Inclining the rail ‘does not increase 
: - the friction of moving loads. 


Comment on point 8. — This is a 
.- _ negative advantage, as it is not under- 
stood that rail laid vertically does that 

. ; either. 


_ ribs for engaging in the tie, it has long 
been recognized by railroads that such 
a tie plate was objectionable and the use 
_ of that style has been on the decrease. 


Effects of gradients. 


‘Wherever trains make frequent stops, 
the rail is more worn than at other 
places, due to the application of the 
i brakes, sometimes locking the wheels; 
i and the punishment of the rail is more 
severe the greater the starting effort, 
which frequently results in slipped 
drivers causing damage to the rail head 
___ by burning it in uneven spots, which may 
be the origin of fractures. These effects 
are independent of the grade, level, 
ascending or descending, except in so far 
as it checks brake application. Places 
where frequent and regular stops are 
made are water and coaling stations, 
passenger stations, and sidings, and 
frequent stops are made likewise at_sig- 
nals. It is the general observation that 
_ there are more breakages on a falling 

_ than a rising gradient on account of the 
ih high speed of trains, especially near the 
Ve lower end of the slope, as the high speed 
brings into greater action the forces due 

to excess counterweights on drivers, and 
badly worn wheel treads. Three roads 
however, the Wabash, Illinois Central, 
and Chesapeake & Ohio, are inclined to 
think that breakages are more numerous 
on the rising gradient. 


Effect of sleeper-spacing. 


There are no records on the relation- 

_ ship between rail breakages and sleeper 
or cross-tie spacing, because closer spac- 
ing has been brought about by the neces- 


' __ soil, as well as from the desire to post- 
pone rail renewals with a heavier weight 
of rail. It has been considered, there- 


X—2 


a 
t sity for additional bearing area upon the. 
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fore, that the lesser spacing made. a 
stronger track with the same weight of 
rail. 

Many mathematical studies have been 
made to determine the right weight and 
section of rail, with predetermined spac- 
ing of ties, for carrying given loads with 
safety,and they have usually indicated that 
a lesser weight of rail is ample for the 
purpose rather than the one already indi- 
cated by the service performance as neces- 
sary. This is undoubtedly due to the 
inaccuracies of manufacture as well as. 
to the uncertainty of assumptions con- 
cerning the action of a loose track struc- 
ture on a yielding road-bed or forma- 
tion, 


Effect of corrosion. 


There are only two conditions under 
which rail is seriously affected for cor- 
rosion, the condition of use in wet tun- 
nels, and the condition of use in tracks 
over which is hauled a large tonnage of 
refrigerator traffic in cars not yet prov- 
ided with brine retention receptacles. 

The railway engineers have had a con- 
troversy on this subject for many years 
with the mechanical engineers, but 
finally in 1909, after conducting an 
eight-day test at the Armour Car Line 
Shops, Chicago, the Committee of the 
American Railway Engineering Associa- 
tion (+) considered itself justified in 
making the following recommendations : 


1. All salt-water drippings should be 
retained in the ice tanks,. and. drained 
off only at icing stations. 

2. The total capacity of drain open- 
ings should not exceed the capacity of 
traps, and the capacity of drains and 
traps should be sufficient to release all 
drippings within the time limit of icing 
the train. 


(4) Proceedings of the American Railway En- 
gineering Association, vol. 12, part. I, 1911. 


closing the ae 
can be returned to their places, — 

4, Salt drippings should be c nducted 
from ice-tanks through the drain-valves 


aioe Teich plugs et 


above described and thense to the out- | 1 


side of cars through the regular traps 1 
and drain- -pipes. 


by the Master Car Builders’ Association 
(now the Mechanical Division of the 
American Railway Association) in 1910, 
and after some years of further consider- 
ation of details made the following state- 
ment in 1921: _ 
Salt-water Drippings : Conference bas 
been held with representatives of the 
principal interests using brine valves 


Loti ton by Salt Water 
reduced *he weight to 
“2 lbs.per'yard = 

When. removed. tt was carryuig 

Class Engines gy 
and , 


trains ata Speed 
oF 48 Iniles pea hour 


Fig. 4. — Beniyibatia Railroad System. 


The time was further extended to 


1 January 1924, but it was understood 

~ that no additional extensions would be 
granted... 

It is hoped, therefore, that damage to 


Nor 
These recommendations were A eaten ‘3 


" rails by. brine will disappear in due— 


Rule (3 _ ) then hecame Pee. 


‘After it July” 1922, no car carrying Prov 
- fol i 


ducts which requ 


tion ane use” of sa 


ess ade 
ace the 


Y Lehicherr tran Co 
= Steel *- 
Original tadl-hMbsper yd | 
ee it Anglesea BrWSitR_dh 


Woe Lbicharis 


Fi ig. 5. — Pennsylvania Railroad Syste } 

course. The remedy for damage to pail 

in tunnels is to provide better drainage 

where possible and stop the seepage, Or 

renew the rails more frequently. = 
In this connection the illustration of 

the obverse and reverse of a rail section 


ee eetion 
1 


ne 


L, 


cut from a rail at one time in use on a 
branch line of the Pennsylvania Railroad 
System near the Atlantic coast shows an 
excessive amount of corrosion from the 
influence of salt water. It shows further 
a very small rail section on which a 
heavy 4-4-0 passenger locomotive with 
axle-loads of about 35.000 pounds was 
carried at a considerable speed (figs. 4 
and 5). 


Service rolling-effect of wheels. 


The effect of work done on the rails 
will be considered in connection with 
transverse fissure failures. 


Effect of bolt-holes. 


Bolt-holes must not be too close to the 
rail ends, nor too large, the limitations 
having been reached by experience. The 
drilling recommended by the American 
Railway Engineering Association for 
joint bars is 5-1/2 inches between centre 
holes, with spacing of 5-1/2 inches for 
succeeding holes. This allows the centre 
of the end hole of the rail to be about 
2-21/32 inches from the end. There are 
many variations from these as the ac- 
complishment of a society recommenda- 
tion requires a long time. The bolt holes 
for 130-pound P. S. rail are 1-3/16 inch 
diameter, and for 136-pounds Lehigh 
Valley 1-5/16 inch diameter. There are 
no data concerning the effect these sizes 
have on breakages. The subject of rail 
breakage within the limits of the length 
of joint bars is quite complicated, but 
it is considered generally that meager 
maintenance is the predominant cause. 


Rail breakages at joints. 
The relative proportion of failures 


within the limit of the length of the 
joint-bars to those in the remainder of 
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the rail varies widely on different rail- 
roads, depending upon perfection of 
track and joint maintenance, the density 
of the traffic, and the design and mater- 
ial of the joint-bars. On heavy traffic 
railroads it is about 50 %. The form of 
record mentioned in the questionnaire, 
« breakages per unit of length of rail 
covered by the plates », is not used in 
North America. The form used is : 
« Failures in-side and failures out-side 
of the joints. » 

Differences from this proportion are 
named by several railroads as follows : 


TABLE 4. 
Proportion of rail failures in-side 
and ont-side of joints. 


Proportion 
of rail failures 
within the joints. 
—_—_———————— a a ee 


5 lo 
40 °/o in rail 
under 410 years. 
53 °/o in rail 
over 10 years. 


RAILROAD. 


New York Central ..... 1 failure in joint 


to 30 outside. 


Chicago, Rock Island & 

Paciicwes sy vat selec hers 28 °/, 
Central Railroad Company 

of New Jersey... ...- 30 °/. 
Lehigh & New England. . . 19 %o 
{illinois Gentral iy. ecco 15 lo 


The low proportion of failures within 
the joints on the New York Central Lines 
is attributed to the use of centre-support- 
ed three-tie ordinary angle-bar joint 
36 inches long (new design 38 inches), 
which is used by no other system. 

The designs of joints are very diverse, 
but their differences can be overcome 
largely by degree of perfection of main- 
tenance. 
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Trailing-versus facing end. 


No records are kept by railroad com- 
panies of « the relative proportion of 
failures in the trailing end which the 
wheel runs off, and the facing end on 
to which the wheel runs », but universal 
observation has shown it to be a. fact 
- that the failures at the receiving end rail 
are greater than at the leaving end rail. 


4 — Breakages attributable to defects 
in the metal in rails. 


Changes to meet severity of service. 


Up to this point rail failures have 
been considered from the criterion of 
exigencies of service. The rail failures 
have been inspected with the idea that 
the design of the track, and the forma- 
tion on which it is laid are at fault, and 
if failures occur they are due probably 
to the rail being too much worn, the 
yielding of the road-bed, laying the rail 
axially or inclined from the line perpen- 
dicular to the tie, the effect of gradients, 
the distance between rail supports affect- 
ing the strength and stiffness of the rail 
as a beam girder, the destruction by cor- 
rosion, and the design of the joint bars. 
The inference might be that after a care- 
ful study of each of these destroying 
forces, the engineer should be able to 
apply the remedy which would be im- 

provement in the rail strength and stiff- 
ness by greater weight and suitable dis- 
tribution of material, closer spacing of 
cross-ties (or sleepers), and a higher 
standard of maintenance, especially at 
the joint. All these have been done, and 
have had to-be done over and over again 
as the density of traffic and the axle 
loads of rolling stock increased, until 
from iron rail weighing 40 pounds per 
yard (and even ordinary flat iron straps 
on timbers) we have today the high- 


carbon Open-hearth steel rails of 4130, 
135 and 156 pounds per yard. 

Inasmuch as economy of railroad oper- 
ation depended more and more upon the 
quantity of freight hauled in one train, 
great energy has been devoted to the in- 
creased capacity of the locomotive unit 
and the goods vehicle; bul, after a track 
has been built, it requires many years 
for economic replacement, and this work 
of replacement has been behind the ad- 
vancing weights of rolling stock for the 
greater part of the time. 

The locomotive, no longer of large 
enough tractive effort, could be relegat- 
ed to a portion of a railroad system 
where it would be proportioned to the 
business requirements, but the obsolete 
track could not be torn up to follow it 
and be replaced with stronger construc- 
tion in a day. 


Historical aspect. 


As this Congress is being held in 
London to commemorate the Centennial 
of the establishment of the plan for 
transportation on land which has been 
the life and comfort of world civiliza- 
tion, it is befitting to draw a picture in 
outline of a hundred years progress in 
the construction of the roadway portion 
of that system, and accordingly some 
pages will be written to describe the 
several periods of the investigations and 
research in connection with the rail 
element of the roadway, in order to keep 
it adequate for the service imposed. 

This review of the work of the rail- 
way engineers leads us by natural stages 
to the responses to the questionnaire of 
the reporters. 


= Introduction of steel rail. 


With the more and more rapid ad- 


vancement in density of traffic, speed of — 


oA 


“trains and weight of rolling stock, it 
began to be apparent that the ma- 
terial from which iron rail were made 
was not homogeneous or reliable al- 
ways, or of sufficient toughness and duc- 
tility. 

Therefore, in 1862, Mr. J. Edgar 
Thomson, President, Pennsylvania Rail- 
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road, while in England investigated the 
value of the different steel rails then 
being put on the market for the first 
time, and decided to expend $60 000 for 
the purchase of 400 tons for trial. This 
order was followed by others, the general 
statement of the different lots being 


given in table 5 


TABLE 5. 


‘ PENNSYLVANIA RAILROAD. 
Earliest lots of steel rail purchased for trial. 


an- Weight 
Year | CoN ee | Kind of steel. Bae Manufacturer, 
in tons. yard, 
: Chas. C 1 & Co. 
i664 let \ t--| 4587 | “oo Ceucible. 56 alias ohne 
Cyclops Cast Steel. 
MSG. wees ke 2 100 Crucible. 56 Chas. Cammel & Co. 
ASOD Ac 3 30 Bessemer. 56. John Brown & Co. 
ASO aes e Al. 4 Bessemer. 56 Chas. Cammel & Co. 
‘Thek Sie Sele ie oe 27 Bessemer. 56 John Brown & Co. 
ASG... ss 6 60 Bessemer. 56. John Brown & Co. 
i ene h 37 Bessemer. 56 Chas. Cammel & Co. 
ASOD Wo <5 8 87 Bessemer. 56 Chas. Cammel & Co. 
; Rees he "9 5 | Dodds steel rails.| 64 
met. is66....| 40 26 | Steel head rails. | 64 | Trenton Iron Works. 
2206... .) A el O03: Bessemer. 67 Chas. Cammel & Co. 
mer oe 42 a Bessemer 56 John Brown & Co. 
ABET sor: 502. 
4867 . 14 183 Bessemer. 67 Chas. Cammel & Co. 


| Place laid. 


Altoona & Pittsburgh. 
In busy sidings. 
Philad.“& Altoona. 
In sidings. 
Philadelphia. 
Pittsburgh. 
Altoona siding. 


West Philadelphia & 
Harrisburg. 


West Philad. siding 
West Philadelphia. 
West Philad. & Altoona. 


West Philadelphia 
yard main track. 


Philadelphia Middle & 
Pittsburgh divisions. 


"Pennsylvania Railroad, 


A. S. C. E. Committee of 1873. 


‘Note. — The first commercial rolling of Bessemer steel rails at the Cambria Works was on order from the 


rail was increasing continually within a 
short period, but trouble from rail 


tt a be noted that the eight of failures continued from the rapid in- 
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crease in severity of business service, 
which seemed to outstrip the power for 
economic replacement of the rails, and 
for the first time, in 1873, the American 
Society of Civil Engineers entered upon 
a study of the problem by appointing a 
committee (1) on 8 January, to report 
on forms, sizes, manufacture, tests, en- 
durance, and breakage of rails, and also 
comparative economy of steel and iron 
rails. ; 


* 
* * 


The several reports are in Transac- 
tions, American Society of Civil Engin- 
eers, vol. III, 1874, vol. IV, 1875, and 
vol. V, 1876, final. The chairman pre- 
pared the reports which were severally 
presented, 10 June 1874, 5 May 4875, 
and 15 June 1876. They were accom. 
panied by a Memoir on rails, by Ashbel 
Welch, 10 June 1874, and Notes on the 
weight of rails and the breaking of iron 
rails, by O. Chanute, 15 July 1874. The 
final report calls attention to « a valuable 


contribution by Mr. Frederick J. Slade, . 


published in Railroad Gazette, 27 Novem- 
ber 1875. For a very easy method of 
comparing the practical values of rails 
or other things of different durability 
they refer to a paper by the chairman 
cn the « Comparative economy of steel 
and iron rails », published in the Journal 
of the Franklin Institute, July 1870, and 
its formule made use of in the first re- 
port of the Committee. 


Design of « Tee » iron rail. 


Almost to this period, iron rail was 
being used by American Railroads of the 
« I-beam » or « tee » type as it is now 


(4) Committee consisted of Ashbel Welch, C. E., 
chairman, M. N. Forney, M. E., O. Chanute, C. E., 
and I. M. St. John, C. E. 


called, which (+) was designed in 1830 
and first used by Robert L. Stevens, 
president and chief engineer of the 
Camden & South Amboy Railroad & 
Transportation Company. 

He had been ordered by the Board of 
Directors to visit England to inspect and 
report upon railroad matters there and 
purchase « all iron rail » which the 
management of the Company preferred 
to the wooden rail plated with strap iron, 
and it was during this voyage that he 
designed the first rail ever rolled with 
a base, whittling several cross-sections 
out of wood, which he obtained from the 
ship’s carpenter. 

« He was familiar with the Birkenshaw 
rail, with which the best English roads 
were then being laid » (the T-section set 
in cast iron chairs, almost of the same 
profile as the English wrought iron rail 
laid on the Portage Railroad; Pennsyl- 
vania in 1833), « but he saw that, as it 
required an expensive chair to hold it 
in place, it was not adapted to our 
country, where metal workers were 
scarce and iron was dear. 
the base to the T-rail, dispensing with 
the chair, thus making it I-beam in form. 
He also designed the hook-headed spike 
(which is substantially the railroad spike 
of to-day) and the iron tongue (which has 
been developed into the fish-bar), and 
the rivets (which have been replaced by 
the bolt and nut) to complete the joinc. » 

The design and letter of invitation 
for quotation are presented herewith in 
« fac-simile » (Exhibit 3) from the Trans- 
actions, American Society of Civil Engin- 
eers, vol. XXII. 

The bearing enlargements of the base 
were found to be impracticable, and the 


(1) Transactions, American Society of Civil 
Engineers, vol. XXII, 1890: » Development of the 
American rail and track, by J. Elfreth Watkins. 


He added © 


Y (ills 


t projections ks every 2 Hi ieet 2 


Liverpool, November 26 1830. 


Ss what grate will se contract a2 deliver at Liverpool, say from five 
rolled to the above pattern in 


“Should nad tats eae and Bie work AS): satisfaction a more 
tikely a Bia as this is but about one sixth Pats es: the rey 


> 

e cy er am ; pe 
oy oe Your obedient servant Ce 
; Rob! L. Stevens Owe 

a ve beeen) President <& leaginices of the Camden & South : ge 

yor s “4 Amboy Rail Road & Transportation Company. ; é 

g + ae 
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base was made of uniform width of 
3 inches. 
by the Dowlais Iron Works in Cardiff, 
Wales, and laid in 1831. The next 
shipment weighed 42 pounds per yard. 

In view of the recommendation for 
flat topped rails and cylindrical wheels 
made by D. J. Whittemore (+), chief 
engineer, Chicago, Milwaukee & St. Paul 


LE. 


= 
—— 


om 


A 36 pound rail was rolled . 


Pa 


Railway in 1889, it is noteworthy that the 
top surface of the head of this rail is 
flat. 


Cross-tie railroad. 


It is interesting to point out in this 
connection that the Camden & South 
Amboy Railroad & Transportation Com- 
pany « was the first in the world to be 


SS os 
— ee ee 


tie ale 


Fig. 6. — Camden & Amboy Railway Standard — 1837. 


laid according to the present American 
standard », that is, with cross-ties and 


(4) Transactions, American Society of Civil 
Engineers, vol. XXI, 1889 : « Cylindrical wheels 
and flat topped rails for railways », by D. J. Witrs- 
MORE. 


hook-spikes, as shown in the illustrations 
from Transactions, American Society of 
Civil Engineers, vol. XX (fig. 6). 

The poor quality of iron rails later 
led to the development of this rail into — 
the pear-shaped profile. 


Design of « Tee » steel rail. 


_The reports of the Committee of 1873 
are important because they fixed the 
_ general type of steel rail design for the 
principal railroads of the Atlantic Coast 
south of New York, which was used for 
many years. This type was, in 1865 and 
later, the design chiefly of Ashbel Welch, 
chairman, who was executive officer and 
_ engineer of the system of railroads occu- 
_ pying the central part of the State of 
'_ New Jersey between Philadelphia and 
New York, subsequently known as the 
United New Jersey Railroad & Canal 
Company, and leased to the Pennsylvania 
Railroad Company 1 July 1871. His 
company included the Camden & South 
Amboy Railway & Transportation Com- 
pany, whose president and chief engin- 
_ eer, Robert A. Stevens, had designed the 
_ iron tee-rail. He was vice-president of 
the American Society of Civil Engineers 
in 1881, and president in 1882, dying 
in office. He was the originator of the 
heavy head steel rail, his principle being 
to put all the mental possible, about 50 %, 
into the head and as little as possible 
anywhere else. It was considered that 
the Bessemer steel rail settled the prob- 
lem of strength, having so much greater 
limit of elasticity than the iron rail. 
« A steel rail wears out; an iron rail is 
knocked to pieces before it is worn 
out » ... « Our rails do not give out from 
want of strength, but from injury to 
head, not always perceptible to the eye ». 
The elements of rail design were stat- 
ed as follows : 


Pp eae io 


spe ert 


A rail has two principal functions or 
classes of functions; acting as a beam 
or girder, to carry the heaviest weights 
between the most distant actual sup- 
‘ports, without straining the metal 
beyond the limits of its elasticity; and 
to distribute the weight bearing on one 
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point of the rail among the adjacent sup- 
ports. The first part of this function 
requires strength, the second stiffness. 
The second class of functions or duties 
of the rail is to resist crushing, and to 
endure wear. The first of those require 
hardness and breadth of surface, the sec- 
ond hardness and area of section to wear 
off, or consumable area. We shall con- 
sider the rail as divided into two parts, 
the consumable and the residual; the 
latter including what is left of the head 
after the consumed part is worn off, and 
all below it. The endurance of the rail, 
if of good quality, depends on the con- 
sumable. The residual must have the 
requisite strength and stiffness after the 
other is worn off. These should be 
carefully distinguished. What is good 
for one is often bad for the other. 


The value of width of head too is 
fully recognized in the report, as may be 
seen from the excerpt : 


In the former report, great breadth of 
head was recommended, because with a 
given weight the more it is distributed, 
the less the injury done by it. But it 
may be objected that as the wear on the 
side of the head in some cases is nearly 
so much as on the top, the diminished 
depth necessary to give increased width 
with the same amount of metal, counter- 
balances the advantage of the breadth. 
But the endurance of inury from the 
pressure of a given weight on the top 
is under some, perhaps not very unusual 
conditions, as the square of the surface~ 
compressed, while the endurance of 
shearing on the side is probably only 
directly on the surface. Besides, the 
wider the head the greater the aggregate 
amount of service. : 


Contact area of wheel and rail. 


The necessity for large bearing area 
on the head was discussed by Octave 
Chanute of the committee in his « Notes » 


“a oe 
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attached to the report, and in 1864 he 
seems to have been the first engineer to 
attempt to measure the area of surfaces 
of contact between rail and wheel. He 
« entertained the opinion that the as- 
sumption of any fixed relation between 
the weight of rail and the maximum load 
borne by one pair of wheels passing over 
it was milleading and fallacious. <A 
simple consideration of the pressure on 
the surfaces in contact between the driv- 
ing wheels of the locomotives and the 
rails will make this apparent. If the 
wheel and rail were both inelastic, the 
contact would be a line, and the pres- 
sure would be infinite. Being elastic, 
however, they both yield a little, and the 
contact becomes a surface. » 

He measured this surface « by jacking 
up simultaneously both wheels of a pair 
of drivers, and introducing between 
them and the rails a sheet of thin tissue 
paper, underlaid by a black sheet of 
thin manifold copying paper. By lower- 
ing the wheels upon the paper, and 
allowing their full weight to rest thereon, 
a very good impression of the surfaces 
in contact was obtained; » They averag- 
ed about 3/4 inch across the face of the 
rail, and about 3/8 inch along its 
length; giving an area of $/32 of a 
square inch, on which a weight of 
9600 pounds will exert a pressure of 
35555 pounds per square inch, and 
11 000 pounds, pressure of 39 111 pounds 
per square inch. 

Some of the measurements showed in- 
tensity of pressure per square inch of 
86 000 pounds under a weight of driver 
of 11175 pounds, but were generally 
27000 to 35000 pounds. 


The pressures are static, and as ordin- 
ary wrought iron begins to crush at 
about 38 000 pounds to 40000 pounds to 
the square inch, the weights noted, when 
put into motion, are pretty sure to smash 


down any material so soft as ordinary 
bar iron. While the maximum weights 
on the wheels, therefore, should undoub- 
tedly govern the hardness of the ma- 
terial in the head of the rail, it has no 
relation to the weight of the rail, except 
so far as this results from its necessary 
form and proportion as a girder to carry 
and distribute the weight to the sup- 
ports, and this again is modified by the 
distance these may be spaced apart... 

If these premises are correct, it fol- 
lows that the adding of weight to an 
iron rail, already sufficiently stiff to 
carry the load, would only ensure its 
more rapid destruction, by making it too 
rigid to yield slightly under the wheel, 
and perhaps by preventing such slight 
deflections between the supports, as is 
found admissible in practice, and which 
by curving the rail to some assimilation’ 
with the wheel, probably increases 
slightly the areas in contact, and so di- 
minishes the intensity of the crushing 
pressures. 


He says, therefore, « where locomotive 
driving wheels are loaded to 11000 
pounds or over, the rails should be of 
steel ». 


- Thin base. 


This point of stiffness of rail section 
was regarded by the committee in the 
report as less important than amount of 
metal in the head, and the width of head 


for bearing, and the problem to the — 


members was that : 


Too much stiffness actually diminishes 
the longevity of the rail. 

The controlling consideration in Ene 
land is strength on account of wide spac- 
ing of ties, while here it is wear by 
reason of the shorter spacing. 


Therefore, the base of the rail was 
made as thin as possible, additional 
metal being regarded as wasted, which 


* 


> 
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thought prevails with some of the ad- 
ministrations to the present day. It was 
recommended that 3/16 inch is suffi- 
ciently thick for the edge of the base and 
the point is commented upon as follows : 


It is objected to this very thin stem, 
and especially to this very thin edged 
base, that it cools so rapidly in rolling 
as to make the metal brittle; and that 

_ the head cools so much more slowly 
than the rest as to create a permanent 
strain. Of course, this tendency exists, 
and it requires some care to prevent its 


4 reaching a practically injurious. extent. 
3 According to the argument, not only 
z such rails ought to break in two, but 
_ especially the thin edges of the base 
ought to break off — but they do not. 
4 


Fishing angle. 


The fishing angle was made 4 to 4 or 

_ about 14°, which is recognized today as 

the most suitable by the American Rail- 

| way Engineering Association. It was a 

- vital and important change from the 

pear-shaped head of the iron rail, copied 
into the early designs of steel rails. 

The report stated that « forms of rails 

- on the same principle as those recom- 

_ mended by the committee have been 


_ adopted on three of the great railroad’ 


systems, the Erie, Lehigh Valley, and the 
Pennsylvania, and that the Pennsylvania 
has also adopted the plan of a deeper 
head for main lines on nearly the same 
base as a shallower head for branches; 
the base for main lines is 4-1/2 inches ». 


Rail-fibre elongation by wheels. 


A very important statement on break- 
age of rails was made by Mr. Welch as 
follows : 
~ We call attention again to the elonga- 
_ tion of the top of the rail by too great 
Weight on a wheel in proportion to the 
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bearing surface, and the hardness of the 
metal, by which a permanent strain is 
created on the rest of the rail, perhaps 
gradually snapping the extended fibres 
or somehow weakening the metal, result- 
ing in ultimate fracture. 

We also repeat that this is partially 
remedied by greater width of the top 
of the rail. 


But why do rails break in winter es- 
pecially ? 


1° Because the ‘material is, as most of 
the Committee think bas been proved, 
more brittle in very cold weather. Ac- 
cording to experiments reported by 
Sandberg, specimens requiring a drop to 
fall 39 feet to break them, with the ther- 
mometer at 84°, were broken with the 
same drop falling 11 feet, with the ther- 
mometer at 10°. Different kinds of iron 
and steel vary very much in this res- 
pect. Steel, though more elastic, does 
not wire-draw like iron. Iron does not 
wire-draw so much when cold, but it 
may be questioned whether the limit of 
elasticity in iron or steel is lowered by 
cold. If it is not, then cold alone would 
not endanger the rail, but inordinate 
strain must be an essential condition of 
fracture; 

2° The road-bed heaves irregularly, 
causing the rail to bear on a few points 
far apart; 

3° The road-bed being frozen hard 
becomes inelastic, and also high points 
are not lowered to the level of other 
supports by the weight; 

4° The top of the head being elongat- 
ed, and a permanent longitudinal strain 
thus created cooperates with the other — 
causes in producing fracture; 

5° Insufficient allowance for contrac- 
tion by cold may cause a longitudinal 
tension acting against the fish-bolts. 


This contains the germ of the present 
day theory of rail breakage, especially 
in connection with the development of 


= 


i 
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the type known as interior transverse 
fissure. 

It also recognized thus early the ill 
effect of the frozen condition of the road- 
bed on rail breakages in the winter time. 


Requisites of rail design. 


When vice-president of the American 
Society of Civil Engineers, Mr. Welch 
again reviewed this problem at the 
13™ Annual Convention, 15 June 1881, 
under the title of « Comparative econ- 
omy of steel rails with light and heavy 
heads ». He said : 


(1) In planning ‘a steel rail, the first 
thing to be done is to fix upon a resi- 
-duary rail strong enough to carry safely 
the machinery and the load that are to 
run over it. Of course, the weights, 
speeds, springs, ties and road-bed, and 
possible increase of weights and speeds, 
must be taken into consideration. So 
many unknown quantitites affect the 
question of strength required, that it 
cannot be found by calculation alone, 
but by experience, under the same or 
similar circumstances. The base should 
be broad enough not to crush or wear 
out the tie, and its area a little greater 
than that of the residuary part of the 
head. The stem should be as thin as 
experience has shown to be perfectly 
safe (for its thickness adds little to the 
strength of the rail); no existing cir- 
cumstances require more than half an 
inch; but the usual height could be in- 
creased with advantage, for that would 
give opportunity to increase the strength 
‘of the splices. 

The size of the consumable part of the 
rail will then be governed by the amount 
of traffic expected, taking into consider- 
ation the greater wear per million of 
tons produced by greater weights on a 
wheel, higher speeds, poorer springs, 

(41) Transactions, American Society of Civil 
Engineers, vol X. 
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steeper grades and sharper curves. The 
wear on a steep grade and sharp curve 
is sometimes as much as five times the 
wear of the same traffic on level tan- 
gents. Speaking generally, the consum- 
able part of the rail should be propor- 
tioned to the amount of traffic, the re- 
siduary part to the weight on a wheel. 

A small percentage of metal added to 
the head of most of the steel rails in use 


adds a comparatively large percentage * 


to their durability. In most cases only 
about 15 % of the weight of the rail can 
be worn off from the head, all the rest 
— 85 % of the whole original weight — 
being required to carry the load safely. 
By adding 15 % to the weight of such 
rails, putting it in the right place, their 
duration is doubled. On the other hand, 
interest must be paid on the cost of the 
additional metal before it comes into 
use. at all during the whole time in 
which the original unincreased consum- 
able quantity is wearing off. With 
heavy traffic, endurance; with light 
traffic, interest, is the weighty consider- 
ation. 


Numerous rail designs. 


This investigation has been reviewed 
at considerable length, because it was the 
‘first united effort of railway engineers 
to call a halt upon the multiplicity of 
rail and joint-appliance designs which 
had been brought into use, and at the 
time it stated many of the questions of 
rail design which have been under dis- 
cussion ever since. In February 18814, 
in his discussion of a paper (1) by 
C. B. Dudley, Ph. D., Mr. O. Chanute 
said : 

We had on the Erie Railway, when the 

(}) « The Wearing Capacity of Steel Rails in 


Relation to their Chemical Composition and Physi- 
cal Properties », by Charles B. Duptey, Ph. D., 


chemist, Pennsylvania Railroad Compagny, Altoona, — 


Pa: 


iy 
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new steel section was adopted, 12 pat- 
terns of steel rails, 29 patterns of iron 
rails, and 96 a iereni styles of fasten- 
ings. These caused no end of annoy- 
ance, delays and expense, in matching 
or mismatching them, taking up and 
changing about long strings of rails, and 
in the large stocks which it was neces- 
sary to keep for repairs. 


Durability of rail. 


It will be noted that the theme of these 
reports was an economic one, the greater 
durability of rail, obtaining more years 
of service, while at the same time the 
profile of the iron rail, which had come 
_ to the end of its capacity for carrying 
the increasing traffic, was being re-de- 
signed of the new and stronger material, 
Bessemer steel. As its structure was 
granular instead of fibrous, Mr. Welch 
' saw the opportunity for changing the 
profile so as to obtain a better support 
for the joint bars, and locating more of 
the material in the « consumable » part 
of the rail. Scarcely anything was said 
about the chemical composition, which 
was left entirely to the manufacturer. 


Early rail tests. - 


There were, however, methods of test- 
ing the physical characteristics, intro- 
duced from England, the earliest rails 
_ being purchased there, and they were 
used on the iron as well as the steel 
material. The drop test by a weight or 
tup falling from an established height 
was the most common, but Mr. Welch 
considered this might be suitable « in 
England for testing the rail as a beam 
and the metal’ for brittleness and 
strength, but here not so for wear ». He 
adopted the plan, therefore, of hammer- 
ing to destruction. 

_ ‘The earliest written specifications of 
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the Pennsylvania Railroad System which 


‘have been found, seem to recognize this 


idea. They were dated September 1876, 
and are reproduced herewith as of con- 
siderable interest : 


PENNSYLVANIA RAILROAD COMPANY. 


Specifications for steel rails. 
(September 1876.) 


As it is the desire of the Pennsylvania Rail- 
road Company to have on the roads under 
their control none but first-class tracks in 
every respect, and as the rails laid down on 
these tracks form an important in the achie- 
vement of the results, the Pennsylvania Rail- 
road Company have found it necessary. to 
make certain demands in regard to the manu- 
facture of their steel rails, with which the 
different rolling-mills and rail-inspectors will 
be required to comply : 


1. That the steel used for rails shall be in 
accordance with the « pneumatic » process, 
and contain not less than thirty one-hun- 
dredths nor more than fifty one-hundredths 
of one per cent of carbon. 

2. That a test bar one foot long and three- 
quarters of an inch square is to be taken from 
the head of a rail made from each charge. 
This bar is to be supported at each end, leay- 
ing a space of eight inches between bearings, 
and by a sudden pressure on the center of 
the bar, deflected to an angle of eighty de- 
grees from a straight line. This angle will 
be made the limit between good and bad tests. 
If the bar bends eighty degrees without break- 
ing, the charge will be considered good; if 
the bar breaks before bending, or shows signs 
of fracture at this angle, two more bars are 
to be tested; if both the bars stand the test, 
the charge will be considered first-class steel; 
but if one of them breaks, the charge will be 
rejected and called second-class steel. 

3. The result of the test of each charge of 
which the Pennsylvania Railroad Company 
are to receive rails, and of which an official 
record is kept at each mill, is to be exhibited 
to the rail-inspector. 

4. That the number of the charge and place 


ed after Jeampipting with oe ‘No ) 
8. That the circular holes one inch 
- diameter shall be drilled through tl 


the center thereof, at equal distances fi rio 
face 
of the head, and three and fifteen- sixteenths. 


upper surface of the flange and lower 


inches from the end of the rail to the center 


of the first hole, and five inches from the 
center of the first hole to the center of the 


second hole. 


9. That the eee of the rails at sixty 
degrees Fahrenheit shall be kept within one- 
quarter of an inch of the standard length, 
which are 30-feet, 27 1/2 feet, and 25-feet. 


That not more than ten per cent of the rails 
of the shorter lengths shall be delivered on 
any one contract. 


10. That the rough edges Sr banaedy at the | 
ends of the rails by the saw shall be well tri im- — 


med off and filed. 


11. That rails are so straightened that they 


will insure a perfectly straight track. 


12. In order to get the exact length as men- 


tioned in paragraph No, 9, it is necessary that 
the rails should be cut off at as near a uni- 
form temperature as practicable, that the 


blooms should not be detained in the process 
of rolling, and should go to the saws at a : 


uniform temperature. 


are: 


1. Bad straightening. 

2. Imperfect ends which, after having: eut 
off, would give a perfect rail of one. of the 
standard short lengths. 


chemist, Panmajlecaee aay “ 
_ipagny, was assigned to make | 
Rigen wh ich ee states: 


The causes of a temporary rejection of rails 


‘its steel rails.» 
Finally, ( 


month's service, -sehile 
ee and, ee if th 


portant subject, to use this information 
in securing better rails in the future. 
It seems to be agreed among metallur- 
_ gists that the quality of a piece of steel 
_ depends upon two sets of circumstances; 
1° Its chemical composition; and, 2° The 
treatment which the -metal receives 
either during or after its manufacture. 
So that the question with which we 
_ started, viz., How shall the Pennsylvania 
_ Railroad Company obtain steel rails 
_ which shall give satisfactory wear and 
_ be uniform in quality ? seems to be re- 
solved into two others, viz.: 1° With the 
_ present known metallurgical methods in 
_ the Bessemer process, what chemical 
composition shall the Pennsylvania Rail- 
road Company prescribe for its rails ? 


va 


tion shall it apply to secure uniformity 
of product.? 


Twenty-five pieces of steel rails from 
actual service were carefully analysed 
for carbon, phosphorus, silicon, and 
manganese; and were tested in physical 
qualities, such as tensile strength, duc- 
tility, ete., on professor Thurston’s Tor- 
sional Testing Machine, as being the best 
means of determining the largest number 
_ of physical qualities at a single test. 
He found that « phosphorus and sili- 
con seem to harden steel without adding 
any other desirable qualities, except, 
perhaps, wear »; and after stating that 
phosphorus even in very small quantities 
makes steel brittle, he says, « as to sili- 
con, the less in the rail the better ». 


DI Pe. ON pt 
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From this study Dr. Dudley recom- 
mended : 


scribed for the chemical composition of 
rails for the use of the Pennsylvania 
Railroad, viz.: 

0.40 9/e 
0.04 Ol 


Phosphorus, not above..... 
poulicon;, uokabore. 2) 2": 


and 2° What physical tests and inspec- : 


That the following formula be pre-: 
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Carbon, between 0.25 and 0.35 °/5 


withramvaime ate tet 0.35 of° 
Manganese, between 0.30 and 
0.40 °/o with an aim at . 0.35 °/o 


Sulphur and copper. . No specifications. 


All other impurities, not more than 
traces. 

That the tensile strength of rails for 
use on the Pennsylvania Railroad, should 
be above 65 000 pounds per square inch, 
and that the percentage of elongation be 


above 20 %. 


With reference to physical tests and 
inspection, Dr. Dudley examined the fol- 
lowing three plans, and recommended 
the third : 


1. The bending test now in use. It 
seems to me fatal to this test as at pres- 
square by 12 inches long, is hammered 
ent conducted that the test bar, 3/4 inch 
out from a piece of the rail. It is con- 
ceded, I think, that in proper hands a 
piece of steel is changed by hammering. 
We are, therefore, not testing the steel 
in the rails, but a different quality of 
steel. If the present bending test is to 
be continued, I would suggest that the 
test bar be cut from the rail head, in- 
stead of hammered from it. 

2. The drop test. This test was in use 
for some time on the road to determine 
the quality and uniformity of the rails 
purchased. With regard to this test it 
may be said that unless the foundations 
are very solid, much of the force of the 
blow is lost; so that a rail tested under 
a rickety drop might stand the prescrib- 
ed test, which, under a firm one would 
yield. It would seem, therefore, that 
the drop test, without extreme care and 
inspection on the part of the railroad 
company to hold the rail manufacturers 
up to specifications would give errone- 
ous results. It is due to this reason, as 
I understand, that the drop test was 
abandoned. 

3. Still another method of testing our 
rails suggests itself, and that is to ask the 
rail manufacturers to provide themsel- 
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ves with and use the same kind of ma- 
chine upon which the physical tests of the 
series of rails analyzed have been made, 
viz., Thurston’s Torsional Testing Ma- 
chine. That this would be the most va- 
luable method of securing uniformity in 
rails furnished us, will be evident, it 
seems to me, from a study of the physical 
tests in the table. It should be stated 
here that of all the data furnished by 
this machine, in regard to the physical 
qualities of metal (which data are given 


in full for record, in connection with ° 


the analyses, in the preceding pages, and 
are tabulated in the table, we have se- 
lected out two, viz., tensile strength and 
percentage of elongation, as best ex- 
pressing the value of the steel with our 
present knowledge of the subject. It 
should also be stated that the tensile 
strength given in this report is 94/100 
of that obtained by the formula for de- 
termining the tensile strength which ac- 
companies the machine, this being found 
by comparative tensile and torsion tests 
to most nearly express the tensile strength 
of this grade of steel. 


The specifications for steel rails al- 
ready quoted had been issued by the 
Engineer Maintenance of Way in Sep- 
tember 1876, and as the specifications 
remained substantially the same up to 
1 April 41885, without any specified 
limits for chemical elements, and with- 
out changing the bent bar test to the 
torsional test, except that the test piece 
was taken from the web instead of the 
head and the details of the test were 
omitted, it is evident that the recom- 
mendations were not adopted. 

However, on 11 February 1889, limi- 
tations for carbon content were intro- 
duced into the 1885 specifications for 
85-pound, but not for any less weight 
than 85-pounds per yard, the range 
being from 0.45 to 0.55 %, which was 
considerably higher than Dr. Dudley's 
recommendation for Bessemer steel. 


Chemistry and wear of rails. 


(1) Three years after this investiga- 
tion, Dr. Dudley resumed the study of 
rail, but on this occasion « It was 
thought that an investigation into the re- 
lation between the wear of steel rails and 
their chemical composition and physical 
properties could not fail to throw light 
upon a question of vital importance in 
the Baa ae Es of the Pennsylvania 
Railroad. He considered that, « with 
the ienprerbent in maintenance of way 
which had characterized the Pennsylva- 
nia Railroad during the last five or six 
years », the removal of rails from the 
track on account of breaking and crush- 
ing had « notably diminished ». He had 
been « struck with the surprising wear 
which some of the rail, which would 
ordinarily be called soft rails, had en- 
dured ». 


Although not written into its specifi- | 


cations, the Pennsylvania Railroad Com- _ 
pany was receiving rails with a carbon 
range from 0.30 to 0.50 %, and in 1876, 
in view of unsatisfactory wear had asked 
the rail makers to raise the lower limit 
to 0.40 %. Dr. Dudley quotes Mr. Brown, 
Engineer Maintenance of Way as saying 
that the higher carbon rails were giving | 
poorer wear than the lower. 

After many tests and careful study, 
Dr. Dudley expresséd his decision in the { 
following sentences : 


The conclusion reached (in the first — 
investigation), « as you remember, was — 
that the softer rails are less liable to — 
crush or break in service than the har- 
der ones. Now in this second investi- 
gation we find that the softer rails giv 
the better wear ». 


(1) « The Wearing Capacity of Steel Rails | 
Relation to their Chemical Composition and 
sical Properties, by Charles B. Duptry, Ph. 
(American Institute of Mining Enginesnny: 
bruary, 4881). 


_ He, therefore, recommended the same 
chemical composition as in the first re- 
port. The following physical test was 
recommended, and appears to have been 
adopted in principle in the 1885 speci- 
_ fications : 


The test-pieces shall be cut from the 
web of the rail and shall be 12 inches 
long, 1 1/2 inches wide, and 1/2 inch 
thick. These pieces shall be tested in 
the manner prescribed in the preceding 
part of this report, and on all steel ac- 
cepted these test-pieces shall stand a 
maximum load of not over 3 000 pounds 
and shall bend not less than 130° with- 
out rupture, 


_In the discussion of these reports by 
the rail manufacturers and by metallur- 
gists, the opinion was held, almost un- 
animously, that the case had not been 
proved, but needed further investigation. 
Mr. R. W. Hunt, general superintendent, 
Albany and Rensslaer Iron and Steel 
Company was the most pronounced in 
his opposition to the conclusions reach- 
ed, citing many contrary indications. He 
said he had « devoted much time and 
thought to the effect of silicon on steel, 
and had become fully convinced that it 
is a desirable element, like many other 
good things, requiring to be used with 
judgment, and also like some other bles- 
sings, frequently called upon to shoulder 
sins not its own ». Neither did he con- 
sider Mr. Brown’s report that « the rails 
of higher carbon are giving poorer wear 
than before the lower limit of carbon 
was raised » was supported by any 
authentic analyses. He called attention 
to one of the rails which had carbon 
0.483, phosphorus 0.035, silicon 0.480, 
Manganese 0.782, and stood eighth in 
sixteen tests. He also « mentioned a rail 
in the track of the Boston & Albany Rail- 
Toad. that contained carbon 0.360, phos- 
phorus 0.124, silicon 0.469, manganese 
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0.574, and which had then been in the 
track five years. That rail is still in 
service and in good conditions ». (Total 
7 years.) 

Some of the views were opposed to the 
introduction of chemical composition 
into the specification requirements as of 
« no value to the engineer, for no matter 
what the chemical composition, it is 
upon the physical qualities at last that 
he must rely to determine whether or 
not it will answer his purpose », 

This period of investigation into the 
economies of steel rails, 1873 to 18814, 
was concerned for the most part with the 
effort to obtain a rail more resistant to 
wear, and thus give a longer life. The 
question of breakages and crushing was 
considered also, but the great effort 
seemed to be to obtain a rail which 
would give more service. 


A. S. C. E. Committee of 1885, 


_ These reports and monographs had an 
effect upon the rail design as already 
pointed out, but the improvement in 
wear was largely counteracted by the 
continually increasing traffic and weight 
of rolling stock.. Mr. M. N. Forney, 
secretary, Master Car Builders’ Associa- 
tion wrote a paper in 1884 saying — 
« the treads and flanges of wheels should 
be made of the same shape as the heads 
of the rails ». In the same year the 
round-cornered rail (5/8 inch radius) 
was made standard on the Pennsylvania 
Railroad instead of the 5/16 inch radius. 
The belief that the rail was being worn 
out or destroyed by excessive wheel loads 
through lack of sufficient bearing area 
was gaining with increased intensily, so 
that the « rail-question » was taken up 
once more by the American, ‘Society of 
Civil Engineers .by the adoption of .the 
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Causes of rail wear. 
; ; an anche to? cause as much “sippin ue 


on ail degree curve, 
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=i amount of information from rails and ‘Cae ES 


ee ‘is wheels worn in service, and it was issued This qaclane NAT mAs. : 
ae in a preliminary (1) report which caus- M, A. Wellington’s empirical formula 
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It is far from true that, as has some- haha and rail contact. 
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crushing, either on curves or tangents. J. Whittemore, chief engineer, Chicago, - ¥ 
_ There are these three causes for wear : Milwaukee & St. Paul Railway, was im- 
’ 1° Direct sliding of wheel on rail, such Pressed with the fact that the trouble 
as is generally admitted to cause sub- With rails was not wear, but destruction — 
stantially all the extra curve wear; from excessive loads. In a long and ar 
2° Molecular interlocking of the fibres, carefully prepared. argument he states ing 
which is the cause of the wheels revolv- the opening sentence : « Present practi ce 
3 Es gar ie from two to. three times: the — 
(4) The Comittee, which was appomted,. was. — es i 
H. Stanley Goodwin, A. M. Wellington, Samuel Rea, (4) T ‘ransactions, American Society of Civ 
George L. Morrisson, Thomas Rodd, S. M. Felton, Engineers, vol. XXI, 1889 : 2s Cylindrical 
Jr., James Archbald (Zransactions, American and flat topped rails for 3 railways, by D. J 
: Society of Civil Engineers, vol. XIX, 1888). MORE, past president, A. ‘S.C. B, 
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weight on railway wheels that was cus- 
tomary a few years ago. » 


(‘) Mr. Max J. Becker in speaking on 
this point stated : 


The trouble is that the increase in the 
carrying capacity of the rail has not 
been kept up in the same ratio with the 
loads imposed. In the earlier fifties the 
general weight of rail was about 
50 pounds per yard. At that time the 
freight cars carried 10 tons, the locomo- 
tives weighed 20 or 25 tons. Today we 
are carrying 30 tons in our cars, and our 
engines weigh 60 tons, which shows an 
increase of 300 % in the loads. At the 
same time, the largest rail sections 
in this country now rarely exceed 
74 pounds, so that the increase in the 
sectional area of the rail would be about 
50 %, while the loads have been fully 
trebled. 


He pointed out that, as part. compen- 
sation for this, the price of steel rail in 
1888 was $30.00 per ton against $4120.00 
in 1873. 


Mr. Thomas Rodd said that : 


No year has passed that I have not 
heard discussions as to why operating 
officials constantly increase loads, there- 
by placing upon railway structures a 
more severe service than that for which 
they have been most carefully designed. 
These discussions have not had the 
slightest effect. The loads have been in- 
creased... we know very well that an 
increase in freight car capacity must be 
followed by an increase in the hauling 
power and consequent weight of the 
engines. I take it that we have to pro- 
vide for actual loadings — not for the 
present loads only, but for greater loads 
than the present; and I feel sure that 
any effort to reduce the loads would be 
futile. Engineers could not, even should 


(4) Transactions, American Society of Civil 
Engineers, vol. XX, 1889. 
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they wish to do so, stand in the way of 
progress in railway transportation. 


This view of overloading was dwelt 
upon by others, Mr. James B. Francis, 
past president, American Society of Civil 
Engineers, saying that : 


This question of flow is a case of ex- 
ceeding the elastic strength of the metal. 
By this I mean a strain, so that the metal 
does not return after the load is lifted. 
The remedy would beto reduce the 
strain; there is no other way to ac- 
complish it. I don’t see that it depends 
upon the strength of the rail, but upon the 
strain that is applied to the upper point 
in the rail. If the strain there is beyond 
the elastic limit this flow will take place. 

« It is true, as reported by your Com- 
mittee >, said Mr. Whittemore, « that our 
rails fail with little material abraded 
from the top. The fact is, they are 
crushed, after flow of metal has reached 
its limit; they fail like all other crystal- 
line substances when overtaxed, by rapid 
disintegration and not abrasion, and it is 
the exception to find in the scrap heap 
a rail with the head well worn down >. 


He made use of the Grashof formula 
for determining constants for rollers on 
plane surfaces to show « that driving 
wheels of locomotives, as then loaded, 
must have a diameter of about 17-feet 
to keep the contact between it and the 
rail within the elastic limit. Calculations 


‘made sinee convince me that this was 


an under-estimate ». 

« The fact is that there is hardly a 
wheel turning under our freight cars 
when loaded to their scheduled capacity, 
or a driver under our locomotives, that 
does not strain the metal in the rail 
beyond its modulus of resistance. From 
the tests given we can safely assume that 
for the majority of our rails this mo- 
dulus can be taken at 45000 pounds. 
In many instances it falls below 40 000. 
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With a modulus of 45 000 pounds the 
car wheel can sustain about 6000 pounds 
within the elastic limit, and this approx- 
imates to the weight on passenger equip- 
ment; hence the high service show for 
the steel tired wheel. » 


Intensity of pressure on rails. 


The Committee, in the preliminary re- 
port devoted considerable space to the 
question of top corner radius of the head, 
but Mr. Whittemore’s advocacy of cylin- 
drical wheels and flat topped rails turn- 
ed the weight of discussion to the in- 
tensity of stress upon the top of the rail 
head. It was well expressed by Mr. G. 
Bouscaren in these words : 

Hence, if economy of power is the first 
object of the engineer, no greater pro- 
fessional sin can be committed by him 
than to tax materials beyond their limit 
of capacity. 

He believed, however, that the flow- 
ing and disintegrating of metal, and the 
coring and splitting of heads was pri- 
marily attributable to the bad quality 
of the steel, and that we should have a 
harder steel sufficiently rolled at the 
proper temperature. 

He raised another important point 
also, the thickness of the base flanges 
which had been made by Mr. Welch as 
thin as possible and left that way ever 
since, in order to have as large a per- 
centage as possible in the head. Mr. Bous- 
caren said : 

My experience is, that, with very few 
exceptions, the breaking of steel rails in 
the track begins at the flanges, this is an 
indication that the flanges should be 
made narrower and thicker, 


* To this discussion, Mr. J. B. Johnson 
made a very important contribution of 
original research. -He found © that 
Mr. Whittemore’s tables of allowable 


wheel loads for given radii and unit 
stresses were based on an erroneous use 
of the formule of professor Grashof, and 
he undertook to prove this by laboratory 
tests with wheels on rails, as well as by 
mathematical analysis. (1) Like Ashbel 
Welch, he performed experiments to ob- 
tain actual areas of contact by pressing 
polished sections of a cast-iron car-wheel 
and of a locomotive steel driving-wheel 
upon the polished cylindrical top surface 
of a steel rail which was coated with 
wet chalk. 


From these measurements it was be- 
lieved : a ‘ 

1. That the area of contact increases 
directly with the load. 

2. That the mean intensity of pressure 
is a constant for all loads. 

3. That in these experiments this mean 
intensity of compressive stress, for all 
loads, was about 82000 pounds per 
square inch. 

4. Since the maximum deformation (at 
the centers of these areas) is twice the 
average deformation (assuming the volu- 
metric deformation to be that of a seg- 
ment of a paraboloid of revolution), then 
the maximum .compressive-stress inten- 
sity for all loads is about 164 000 pounds 
per square inch. 

5. Since no measurable permanent set 
was produced by any of these loads on 
either wheels or rail, it follows that the 
« apparent elastic limits >» of the mater- 
ials had not been reached for this con- 
dition of contact, although the ordinary 
elastic limit of the rail material, for a 
free flow was about 50000 pounds per 
square inch. 


Additional explanation of these im- 


(41) Transactions, American Society of Civil 
Engineers, vol. XXXII, 1894: «Friction Rollers» 
— Discussion of Crandall and Marston’s paper in 
same volume, and « The Materials of Construction », 
by J. B. Jonnson, C. E. 
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bea conclusions has been stated as 
follows :. 


The law seems to be for 22-inch radius 
Steel tire, on 14-inch radius steel rail, 


> 


A= 0.000012.P 5... 019) 


where A is area of contact in square 
inches, and P is the load on wheel in 
pounds. What the maximum stress is 
cannot now be stated, but if the mean 
stress is about a constant for all loads, 
it is probable that the maximum stress 
is nearly a constant also. 

Furthermore this maximum stress must 
be nearly twice the miean stress, since 
the maximum distortion must, of neces- 
Sity (a geometrical necessity), be twice 
the mean distortion. 


_ We may, therefore, say that the max- 
imum stress is nearly 
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and from (9) we obtain for a 44-inch 
steel driver on a 14-inch radius steel rail. 
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pounds per square inch. 


This astonishing result seems at first 
incredible, but it cannot, in the writer’s 
opinion, be successfully disputed. 

This result leads at once to the study 
of the elastic limit in compression. Here 
is where we have all been blundering. 
There is no such thing as an uncondi- 
tioned elastic limit in compression as 
there is in tension. 


The elastic limit is the point where 
the material begins to permanently dis- 
tort or flow, or where the particles begin 
to rearrange themselves in new posi- 
_ tions. 


TA3 
11 —37- 


Now, for compressive stresses, we 
have various conditions limiting the flow 
of the particles. For instance, a cyl- 
indrical column in compression is in a 
condition of free flow.There is nothing 
to hinder the lateral spreading action of 
the column as it shortens .up. If we 
place a square-ended die on a flat sur- 
face and load it until it begins to indent 
that surface the material below the end 
of the die must flow laterally around the 
corners of the die to get out of the way. 
But this lateral flow is restricted by the 
surrounding metal. Here we have a res- 
tricted flow, and a much higher pressure 
is required before it will occur. 

But when a sphere or cylinder is 
placed;on a plane, or one cylinder on 
another cylinder, and loaded, the max- 
imum stress and the greatest tendency 
to flow is at the center of the area of 
contact, and here the flow must begin, 
but this metal cannot find as near escape 
as in the case of the square-ended die, 
for the pressure diminishes gradually, 
and the flow must be through a longer 
distance before it can really escape. 
Here, therefore, is a case of still greater 
restriction of flow and still higher elastic 
limit. 

I estimate that a grade of steel having 
an elastic limit in compression when 
tested as a column, with free flow of 
some 40 000 to 45 000 pounds per square 
inch, has a limit of about 100 000 pounds 
under a square-ended die, and of some 
160 000 to 200 000 pounds under curved 
surfaces of as much as 20 inches ra- 
dius. 

When two cylinders are in contact, 
their axes being at right angles, the vo- 
lumetric distortion for each of the sur- 
faces is fairly represented by the seg- 
ment of a paraboloid. A +property of 
the segment of a paraboloid is that the 
maximum ordinate is twice the mean 
ordinate, or, in other words, the volume 
of the segment is one-half the enclosing 
cylinder. This fact authorizes the sta- 


ede of the Se toad: on He wwlicel 
Also that. the elastic limit is in the vici- _ 


nity of 200 000 pounds per square inch — 
for the ordinary locomotive drivers on 
the ordinary steel rails. “VG airs 


These conclusions are so contrary to the nS 


commonly received opinion on this sub- 


ject that the writer hopes that by the 


time his forthcoming paper on this sub-_ 
ject appears will have made similar ex- 


periments, and can thus either fortify his 
conclusions or prove them erroneous. 


When a wheel tread becomes worn or 


grooved, and the rail head becomes flat- 


tened somewhat, so that the surface of 
contact is extended laterally across the 


rail from 1 to 2 inches, the effect on the 


intensity of the stress is the same as. 


though we had a flat wheel on a flat. 


rail. 


It is sometimes said that if’. a flat topped : 
rail is the surface of least wear the rail | 
would constantly approximate to this 


form. This is not true. If the rail is 
originally curved, and the wheel tread 
flat or conical, the final section of both 


will be a mean between the two original 


surfaces. And this is exactly what hap- 
pens. The tread becomes grooved, and 


the rail becomes flattened, both approxi- 


mating to a mean between the original — 
curvature of the rail head and the flat 
tread. When they have both come to 
the same curvature, the effect is Cael 
the same as a flat tread on a flat rail. 


If, now, both wheel tread and rail top 
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The committee stated that : 


for the present, the only conclusions that 
can be drawn from the tests which have 
been made are but indications. 


Field Tests. 


1. That for this section and composi- 
tion of rail, initial loads of 30 000 pounds 
or more per wheel of cast iron and 
chilled tread, of 33 inches in diameter, 
were too great for its transverse holes, 
and produced flow or closure at least 
3/8 inch below the bearing surface. 

2. The loads of 25 000 pounds produc- 
ed but slight flow or closure in the three 
uppermost transverse holes, and this 
extending not more than 1/4 inch in 
depth. 

3. That preliminary light loads, by 
cold-rolling the surface, may adapt the 
material to subsequent heavier loads. 


Laboratory Tests. 


4. The diagrams of the plotted tables 
show that the stresses in the metals are 
locally less severe than we had expected 
to find in the surfaces of the pressure 
zone contacts of the wheel tread and the 
rail head. 

5. It is important, as the theory and 
evidence show, that the metal of the cir- 
cumjacent layer of each pressure zone of 
contact for the wheel tread, also that of 
the rail head, is in position not only to 
utilize the elasticity of the metal to help 
carry a given load but to increase an 
area within the elastic limits of the 
metals nearly in proportion to the loads 
applied. : 

6. The action of the rolling wheels on 
the rail heads is a gradually applied load 
from zero to the maximum, then reduc- 
ing again to zero, both for a unit length 
in the wheel tread or rail head, and is 
not a suddenly applied load, even for a 
mile-a-minute or faster trains. 

7. The round type of area of contact 
shows the greatest average unit intensity 
of pressure. 
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8. The longitudinal oval, or the trans- 


_verse oval type indicates the lowest aver- 


age unit intensity of pressure. 

9. The longitudinal elliptical or trans- 
verse elliptical, in which the major axis 
is two or more times the width of the 
minor axis, indicates also a favorable 
average unit of intensity of pressure. 

10. The transverse oval or elliptical 
under steel or cast-iron wheels is more 
favorable for the rail heads than the 
round. 

11. The reciprocal relations of the 
loads carried on the metal of the wheel 
treads to the metal of the rail heads 
should be studied from the voluminous 
service tests now available. 


In this connection, the work of the 
(+) Joint Committee on Stresses in Rail- 
road Track of the American Railway 
Engineering Association and the Amer- 
ican Society of Civil Engineers has a 
very important bearing. The field work 
embraces many thousands of measure- 
ments, requiring prolonged intensity of 
study and compilation, both of which 
were performed by professors and sstu- 
dents of the University of Illinois under 
the direction of professor A. N. Talbot. 

In order to give some idea of the high 
stresses which may be caused at the 
present time by certain heavy locomo- 
tives at speed, the reporter has deduced 
the following notes from the data of the 
report : 

1. The stress in rail of 85-pound 
section under a _ freight locomotive 
(class I-1-s), or 2-10-0 type, with 67 000 
to 72 600 pounds on a driving axle, will 
be from 33000 to 39600 pounds per 
square inch at the speed of 40 miles per 
hour on tangent track. 


(‘) Proceedings American Railway Engineer- 
ing, vols. 19, 1918; 24, 1920; 24, 1923. — Tran- 
sactions American Society Civil Engineers, vols. 
LXXXII, 1918; LXXXIII, 1919-20; LXXXVI, 1923. 
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2. The stress in rail of 85-pound sec- 
tion under a _ passenger locomotive 
(class M-1), or 4-8-2 (Mountain) type, 
with 68 500 to 69 500 pounds on a driv- 
ing axle, will be from 27 000 to 31 000 
pounds per square inch at a speed of 
60 miles per hour on tangent track. 

3. On a 6° curve, the effect of speed 
and counter-weight may double the 
stresses for straight track approximately, 
and, therefore, the stress per square inch 
in 85-pound rail under the I-1-s loco- 
motive may be expected to vary from 
66 000 to 80 000 pounds per square inch 
at a speed of about 40 miles per hour. 

Similarly, the stress per square inch 
in 85-pound rail under the class M-4 
may be expected to vary from 54 000 to 
62000 pounds per square inch at a 
speed of about 50 miles per hour. 

4, The analysis of stresses under static 
loads for these two locomotives shows 
that the stresses at speed on curves might 
be very high on 85-pound rail, and also 
that for 130-pound rail the stresses per 
square inch are only about 1/2 of those 
for 85-pound rail. 


Even with the heavier rolling-stock of 
the present day, these stresses do not 
amount to more than one-half of the 
164.000 pounds per square inch maxi- 
mum compressive stress intensity, under 
the condition of restricted flow, for all 
loads of professor J. B. Johnson, pre- 
viously quoted, which he found rail steel 
able to stand. 

Nevertheless, it is well known that the 
heavy rolling-stock of the present day 
breaks down the surface structure of 


Open-hearth steel rail and causes the 


metal. to flow. 


Principle dimensions for rails. 


After’ careful consideration of the ar- 
guments submitted in discussion of the 


preliminary report, the Committee of 
1885 submitted its conclusions in 1889 : 


First : A twelve-inch top radius as a 
standard for rail sections of all weights. 

The prevailing sentiment, which your 
Committee shares, appears to be that the 
end sought in the suggestion of an enti- 
rely flat top between the rounded corn- 
ers, viz., a wider bearing for the wheel- 
tread, is a desirable one, but that it is 
and will be better secured in practice 
by using a slight curve for the top of the 
section instead of a straigth line. 

The evidence is that an entirely flat 
top is difficult, if not impossible, to roll 
properly; trials have resulted badly. 
Inevitable irregularities of track and the 
usual slight bends in the web, due to 
the rails lying on their sides when hot, 
would throw the bearing of the wheel- 
tread on one or the other corner instead 
of evenly across the top, causing early 
flowage and rounding of the section. 
The standard wheel-tread is now slightly 
coned, a perfectly cylindrical tread hav- 
ing been first rejected. While a few 
hold that the coning has a sensible in- 
fluence on curve resistance, the belief 
is general that coning does have a sen- 
sible steadying effect to diminish oscil- 
lation, and it is questionable if it would 
be wise to wholly dispense with it. 
Were the tread originally perfectly cyl- 
indrical, with an even bearing for the 
whole width of the rail head, the neces- 
sary gauge play alone would tend _ to 
wear it hollow. Under existing condi- 
tions, wheel-treads wear slightly hollow, 
corresponding to about a 12-inch radius, 
very early in their lives. As a conse- 
quence, nearly all rails now wear down 
to a curved top on the outside as well 


. as the inside of the head. Were flat 


rails and cylindrical wheels universal on 
any one line, and were they thus made 
free from all tendency to wear to a curve, 
the constant interchange of cars would 
bring hollow treads on flat rails and 
straight treads on round-top rails. With 


aa 


top curve, the load is sustained centrally 
and transmitted directly downward 
_ through the web. Without it, one or the 

other corner will sustain the load in 
practice, and neither long in succession, 
causing a tendency to split off the side 
of the head if the metal be in any way 
defective. Most wheels being worn 
slightly hollow, the bearing is in practice 
now tolerably wide. 

For these and other reasons your Com- 
mittee is entirely clear that the attempt 
to introduce a perfectly flat top is inex- 
pedient. 


(The original tee-rail section of Ro- 
bert L. Stevens in 1830 had a flat top. — 
Reporter). 


Tt 


a broad head relatively to depth for sec- 
tions of all weights, taking care not to 
go too far in either dimension, especially 
in very large or very small sections, or 
to endanger the flange cutting into the 
joint. 
4 Your Committee is much impressed 
_ with the weight of evidence and opinion 
tending to show that, in the effort to 
- secure three ends in themselves desir- 
_ able and proper, too little attention has 
_ been paid to metallurgical laws and pro- 
_ cesses of manufacture in designing rail 
_ Sections. The tendency has been strong: 
: 
8 


: Second : Your Committee recommends 
3 
4 


A, — To secure a broad bearing on 
the tie by widening the base, At the 
same time; 

_ B. — To save metal by making the 
base thinner, and also the web; while : 

Cc. — To increase tonnage life, addi- 
tional metal has been placed on top of 


the rail head. 


These ends, as stated, are in themsel- 
ves good, but the result of seeking to 
obtain them in this way is a great dis- 
proportion of mass in the different parts 
of the section; and this in turn requires 
that, in order to have the thinner por- 
tions of the section sufficiently plastic 
_ for the finishing passes through the rolls, 
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the head must be so hot when it leaves 
the rolls as to be almost semi-fluid; and 
so the rolls do little of that effective 
compressive work which unquestionably 
is essential for properly consolidating 
and toughening either wrought iron or 
steel. This unequal temperature, after 
leaving -the rolls, also makes it much 
more difficult to insure that the rails 
shall be straight when cool and, hence, 
results in more gagging. As there exists 
also a constant and injurious tendency 
to roll even the thinner parts tolerably 
hot, in order to quicken the process, 
saving making seconds, and reduce the 
number of passes, it will be seen how 
probable it is that the heads of many 
rails have been leaving the rolls in but 
little better molecular condition than 
when they entered them. 


The Committee also calls attention to 
the better balance of the European < bull- 
head » sections favoring better rolling 
conditions, and that also in the case of 
flat-base American sections where used 
the tendency is to use thicker bases and 
webs. The correlated Committee of 
1890 decided upon*the relative propor- 
tions of 42 % of the metal for the head, 
21 % for the web, and 37 % for the 
flange. 


Third : Your Committee recommends 
a one-fourth (1/4) inch corner radius, as 
a standard for sections of all weights. 
(Changed to 5/16 inch by the correlated 
Committee of 1890 on Standard Rail Sec- 
tions. — Reporter). 


Fourth : Your Committee recommends 
a one-sixteenth (1/16) inch lower corner 
radius for the head, as a standard for . 
sections of all weights. 


Fifth : Your Committee recommends 
that, starting from a sufficient base width 
of head to give ample bearing for the 


joints, or to conform to recommendation 
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No. 1, the sides be carried up vertical, 
as a Standard for sections of all weights. 


Sixth : Your Committee announces as 
final conclusions the preliminary con- 
clusions as to the general laws of rail 
and wheel wear included in its Prelimi- 
nary Report. 


A. S. C. E. rail sections. 


After hearing the report of this Com- 
mittee, it was evident that the real result 
had not been reached, although it had 
complied fully with the commission 
given to it, the analysis of the proper 
relation to each other of the sections of 
railway wheels and rails; and so in 1890 
a (t) new committee composed in part 
of the previous committee membership 
was named to design Standard Rail Sec- 
tions. Each member of the Committee 
submitted a complete series of designs 
for rail sections varying by 10 pounds 
difference in weight from 40 pounds to 
160 pounds per yard, both inclusive, and 
these were submitted as a preliminary 
report in 1891 for membership consider- 
ation. In the meantime, there was not 
much more discussion of the subject, 
their bolts having been shot at the mem- 
bers of the preceding committee. The 
final report was made (Transactions 
American Society of Civil Engineers, 
vol. XXVIII) in 1893, quite brief in text, 
but it contained the A. S. C. E. rail de- 
signs which were subsequently used by 
many of the railroad companies very 
extensively. These designs varied in 
weight by 5 pounds per yard from a 
40-pound section to one of 100 pounds 
per yard. 


(‘) Final membership of 1890 Committee : 
G. Bouscaren, J. Foster Crowell, S. M. Felton, 
Jr., J. D. Hawks, R. W. Hunt, Virgil G. Bogue, 
E. D. T. Meyers, Samuel Rea, F. M. Wilder, Tho- 
mas Rodd, A. M. Wellington. 


The ratio of base to height remained 
at 1.00, and the edges of the base were 
still thin according to the principle 
established by Ashbel Welch; and this, 
too, in spite of the fact that the Com- 
mittee recognized the importance of 
thicker and narrower base. 


Rail Committee, A. R. E. A., 1899. 


The rails of Bessemer steel continued 
to give unsatisfactory results from 
breakage and crushed and split heads, 
and one of the most numerous types of 
breakage was the half-moon fracture in 
the base. Failures continued to increase 
with the increased traffic and weights 
of rolling-stock, so that, by the end of 
the century, concentrated study was put 
upon the problem again. 

The American Railway Engineering 
Association having. been organized in 
1899 with standing committees to study 
the economical maintenance of railways, 
the Rail Committee in its first report 
(1900), « being of the opinion that the 
A.S. C. E. sections are a step in advance, 
thinks that no new sections should be 
suggested until we have had full time to 
learn from experience the merits of these 
sections. It is recommended that all 
members of this Association, whose lines 


_are not using these sections, be urged to 


have them adopted and used on their 
lines ». About that time 75 % of all 
the rails rolled by American mills were 
of these sections. 

It was announced that the Committee 


would prepare standard specifications © 


for general adoption. This was the be- 
ginning of co-ordinated work upon steel 
rail specifications, and it has continued 
to the present day. President Wallace 
said : « Of course, we realize that we 
don’t expect to exhaust the subject at 
this meeting or the next or in our life- 
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time, but we are simply laying the found- 
ation now for our future work ». 
Heretofore, since 1873, the principal 
co-ordinated study had been given to rail 
sections, culminating in the recommen- 
dations of the A. S. C. E. sections in 1893. 
The study of specifications had been made 
by the railroad companies separately, but 
now it was able to be undertaken by a 
standing committee. R. W. Hunt said: 
« I think, in the case of the buyer of 
steel rails, he should have the right to 
say what he wants, pay what they are 
worth, or else leave the. details of their 
making alone and cease complaining. » 
(1) The first uniform specifications 
for steel rails were submitted by the 
Committee at the Convention of 1902, 
and were adopted. The work of revision 
has continued up to the present time. 


Rail Committee, A. §. C. E., 1902. 


In the same year, another committee 
was appointed by the American Society 
of Civil Engineers to study Rail Sections, 
and after preparing preliminary speci- 
fications in 1907 (not adopted), re- 
mained in existence until 1910, when it 
was discharged, having yielded to the 
American Railway Engineering Asso- 
ciation as the leader in this subject. 


Rail Committee, A. R. A., 1907. 


As the record of rail failures was get- 
ting worse, and as the facts were being 


' pressed upon the executive officers of the 


several railways, the subject was taken 
up finally, in order to be under concert- 


(1) Proceedings Am rican Railway Engineer- 
ing Association, vol, 3, 1902. Members of Com. 
mittee : R. Trimble, J. T. Richards, Thos. Purcell, 
A. W. Jolinston, C. E. Wickham, R. W. Hunt, 
G. B. Woodworth, F. E. Abbott, W. R. Webster, 
W.T. Manning, H. Pierce. 
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ed effort, by the official organization of 
the executive and operating officers of 
the railways, the American Railway 
Association, and (1) a committee was 
appointed for the purpose early in 1907 
to examine exhaustively into the subject 
of rail design and specifications, the 
manufacturers of steel rails being invit- 
ed to co-operate. 


Rail Committee, P. R. R., 1907. 


At the same period, the Pennsylvania 
Railroad System, while continuing as an 
interested worker with all these associa- 
tions, appointed a committee 4 June 1907, 
of its own officers and two rail man- 
ufacturers to revise its rail designs and 
specifications. 


Heavy base, balanced rail sections. 


The specifications in use were those 
of 1 october 1901, which superseded 
those of 1 April 1885, with the carbon 
modification of 1889; and A. 8S. C. E: 
rail sections were being used on one por- 
tion of the System, while P. R. R. sec- 
tions were standard within the rest. 
Both of these designs had the thin ends 
of the base which have already been 
pointed out as failing by fracture.. It 
was strongly maintained by the manufac- 
turers that the metal was not rightly 
proportioned between head, web and 
base, and that the thin base cooled too 
quickly in advance of the heavy head to 
avoid thermal conditions which helped 
to make the base a weak point. This 
Committee, therefore, designed the first 
heavy base sections, which were issued 
20 September 1907, the 85-pound P. S., 


_and the 100-pound P. S. rail sections of 


the. Pennsylvania Railroad System. 


(4) G. L. Peck, J. T. Richards, F. A. Delano, 
R. Montfort, William Garstang, R. E, Ettenger, 
W. E. Fowler, P. H. Dudley, J. W. Kendrick. 
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Open-hearth steel. 


Rails of Open-hearth steel had been 
experimented with already, as the belief 
was gaining ground that Bessemer steel 
no longer provided a sufficiently strong 
or hard rail to carry the rapidly increas- 
ing traffic and rolling-stock axle-loads, 
and the revised specifications, supersed- 
ing those of 1 October 1901, and provid- 
ing clauses governing Open-hearth steel, 
were adopted 4 February 1908. Many 
changes have been introduced since that 
date, and the passing of Bessemer steel 
for rails occurred between this date and 
the year 1913, except for minor and. ex- 
ceptional uses. i 


R. A.-A and R. A.-B rail designs. 


The Committee of the American Rail- 
way Association submitted its final re- 
port 23 March 1908, accompanied by 
Specifications for Bessemer Steel Rails, 
Specifications for Open-hearth Steel 
Rails, and Rail Sections, type A and 
type B, which were adopted, having been 
first: submitted tentatively 1 October 1907. 

This Committee was the first to de- 
velop the « nick-and-break » test at the 
suggestion of Mr. William Metcalf, and 
it was introduced into these and also the 
Pennsylvania Railroad System specifica- 
tions. 

« If the test piece does not break under 
the drop test, it shall then be tested to 
destruction, and, if when so tested to 
destruction, the test piece shows pipe or 
physical defect, the top rail from each 
ingot shall be rejected », and so on, pro- 
ceeding with the next lower rail in the 
same way. 

The rail sections varied by 10-pound 
increments from 60 to 100 pounds per 
yard, in two types, designated as R. A.-A 
and R. A.-B. 


thought in rail design in the United 
States, those on the one hand adhering 
to the type established by Ashbel Welch, 


with size of head predominating over | 


height of rail which gave strength and 
stiffness, although at the same time be- 
lieving in as wide a head as possible 
with those restrictions, and, on the other 
hand, those advocating a thinner head 
and higher rail in order to make stiff- 
ness and strength predominate. Both 
types were, therefore, required in order 
to have agreement. The top radius of 
the head and the fishing-angle were 
different in the two designs. 

However, the Committee retired from 
the field with this report, and delegated 
the continuance of the work to the Amer- 
ican Railway Engineering Association in 
the final paragraph as follows : 


Your Committe respectfully recom- 
mends that the series of sections of types 
« A» and «B >» and the specifications for 
Bessemer and Open-hearth steel rails, 
submitted with this report, be adopted 
as the recommended practice of the As- 
sociation, and that the sections and spe- 
cifications be referred to the American 
Railway Engineering Association . with 
the request that they follow up the ques- 
tion of determining the details as to drop 
test, etc., by observing the actual results 
of rails rolled under the new sections, 
and that they also arrange to collect 
from the different members and tabulate 
all information as to comparative wear 
of rails rolled from the different parts 


of the ingot, and all other information - 


necessary to a proper study of the prob- 
lem. That they be further requested to 


keep careful record of the comparative — 


results in service of rails of types « A >» 
and <« B >» and to prepare and submit to 
this Association a single type of section 
which will embody their ideas as to the 
best type that can be designed for use 
as a single standard to be adopted by the 


‘ 


There has always been twe> groups of 
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_ Association, giving due weight to every R.E..... 4130 pounds. 
_ factor entering into the problem. R.E..... 1449 — a bat hadawast ae 
; R.H.- .. . 150 pounds. | Adopted 1924, vol. 25, 


The American Railway Engineering 
: Association thus became the successor of 
_ all these committees, though there is 
_ another committee at work upon the 
_ problem of specifications, that of the 
American Society for Testing Materials, 
consisting of manufacturers and con- 
sumers. 


R. E. rail designs. 


After long study, a series of rail sec- 

_ tions, designated by the mark «R. E.», 
varying in weight by 10 pounds per 

_ yard, was adopted by the American Rail- 
_ way Engineering Association, as follows : 


R. A.-A 90 pounds. 

R. E 400 

R.E 110 Adopted 1945, vol. 16, 
R.E 120. — 


70 to 84. 85 to 110. 444 and over. 
Sudo ac tect a ee 0.53 to 0.68 0 62 to 0.75 0.67 to 0.80 
Phosphorus, not to exceed... ... 0.04 0.04 0.04 
0.60 to 0.90 0 60 to 0.90 } I ae sa 
pene Po Re EEG na aS ae rf 0 0. o 0. | (1)0 50 to 0.80 
os Milicon, minimum". to. 2 ea 0.20 0.20 | 0 20 
7 (1) Optional. 


Piping. 


It is considered that effervescing steel 
during teeming of the ingots conduces to 
segregation, and, therefore, brittleness. 
If it can be made to set quietly in the 
molds, it is believed that the steel will 
become more ductile and less segregated, 
and in order to accomplish this a larger 
amount of the de-oxidizer, silicon, than 


and afterwards by the American Railway 
Association, except the last. 

Rollings have been made of the 90, 
100, 110 and 130-pound, but not of the 
others. 


Chemical constituents. 


The constituents of carbon steel rails, 
called « Alloys » in the questionnaire, 
are ascertained by the chemists of the 
manufacturer at the mill, while the rails 
are being rolled, and are checked from 
time to time by the chemists of the rail- 
road companies. The amount of each 


element allowed in the tentative specifi- 
cations for experimental lots of dead set- 
ting Open-hearth carbon steel rails of the 
American Railway Association is : 


Weights in pounds per yard: 


usual has been provided for in the ten- 
tative specifications above quoted. It is 
considered likely that the higher silicon 
may induce a deeper pipe, but those 
favoring the specification do not con- 
sider the pipe as harmful as the segrega- 
tion, because the steel will be more duc- 
tile. The question of pipe has, there- 
fore, been ignored. 

In accordance with the recommend- 


e . ; ; 
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ation of the Committee, more than segregated rail resulting in a split head. 


40 006 tons of rail complying with these 
specifications have been rolled for ten 
railroads, and placed in the track for 
service record. The effects of the drop 
tests (falling weight), at the mills have 
been carefully studied with the follow- 
ing results : 


4° With carbon from 0.62 ‘to 0.75 %, 
the average exhausted ductility has rang- 
ed from 14 to 24 %; 

2° With carbon from 0.72 to 0.86 %, 
the average exhausted ductility has ran- 
ed from 7 to 12 %; 

3° The segregation for melts with sili- 
con over 0.20 % shows only one-half the 
percentage for melts with silicon under 
0.20 %. 


Some of the melts contained silicon up 
to 0.33 %. 


Segregation. 


The question of segregation is of great 
importance, and has been discussed pre- 
viously by the reporter (1). Segregation 
is an almost invariable accompaniment 
of the defective head and web, and has 
nearly always as its associates one or 
both of the other defects, brittleness and 
hardness. Sometimes slag is present, 
and sometimes foréign steel due to the 
cutting or protection of the ingot-mould 
stool. The results of the examination of 
many « Split-head » rails seem to show 
that they are nearly always segregated 
rails having hard, unsound metal in the 
interior and softer metal at the surface. 
The flow of the softer metal develops a 
split in the harder unsound and less 
ductile metal in the interior of a badly 


(1) Minutes of the Proceedinys. The Institution 
of C vil Engineers, vol. CCI, 1915-146. — Procee- 
dings American Railway Engineers Association, 
vol.47.1916: «Some of the Causes of rail failures». 


In addition to the quiet setting, high. sili- 
con plan of the American Railway Engin- 
eering Association for reducing segrega- 


tion, the use of a sink-head in casting 


ingots, as advocated by (*) Sir Robert 
Hadfield, should help in the reduction 
of segregation and produce a denser and 
tougher steel by making sounder and 
more homogeneous ingots. It is notice- 
able in examining the tabulations that 
scarcely any of the failures occurred in 
the joints, showing that the condition of 
the road-bed was not the important 
factor in defective heads. 

The segregated rail which flies into 
many pieces suddenly under a train is 
the most dangerous failure with which 
we have to deal. A rail of this character 
is shown in figures 7 and 8. It is highly 
segregated, 21.43 %, has in addition a 
very large pipe, and is very hard, 
270 Brinell. These defects are so bad 
that it is not known what effect the 
high silicon may have had. 

A fair measure of segregation may be 
expressed by the specification quoted 
below under « Analyses ». In the case 
where this was used, the railroad com- 
pany fitted wp a car with the chemical 
apparatus required and a force of che- 
mists who made the analyses at the mill 
while the rail was being rolled. It was 
necessary to pay an extra charge to the 
manufacturer for this privilege. 


Analyses. 


In order to ascertain whether the 
chemical composition is in accordance 
with the requirements, analyses shall be 
furnished as follows : 


(a) For Bessemer process, the manufac- 


(1) Proceedings, American Railway Engineers 
Association, vol. 14, 1943. 


; 


In service Dy years, 8 months in tangent track in Gould Tunnel, © 


Open-hearth 


repre — ae 


ratieel ey ; ; : "| Average Brinell 
dpe Ren 1): OT tnd Bes! so i Si. Sa hardness, 
pean b--0 |b aay os 2 - as Position 

..| 0.840 | 0.83 | 0.039 | 0.249 0.054 260 in ingot « A». 


ener it Opel Gyed iui, 0,047 }2°0.249 - |) 0.068 272 
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Fig, 8. — Appearance of portion of broken rail. 
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(b) For Open-hearth process, the mak- 
ers shall furnish the inspectors with a 
chemical analysis of the elements, car- 


bon, manganese, silicon, phosphorus and - 


sulphur, for each melt. 

(c) For Open-hearth process, a check 
analysis will be made by the purchaser 
of a piece of rail representing a melt, 
after the rails from that melt have passed 
the physical requirements. On the re- 
quest of the inspector, and in his pre- 
sence, the manufacturer shall furnish 
from one of the drop-test pieces repre- 
senting the melt, drillings satisfactory 
to the inspector, taken with a 5/8 inch 
flat drill, parallel to the axis of the rail, 
at a point one-third of the distance from 
the upper corner to the center of the 
head, as shown at location « O » in fig- 
ure 9. The analysis from these drillings 
shall conform to the chemical require- 


~ ments specified and failure to meet these 


requirements shall be sufficient cause 
for the rejection of the entire melt. 

(d) For Open-hearth process, after the 
rail has passed. the physical require- 
ments, additional drillings will be taken 
from the same rail, and in the same 
manner as specified in (c), at the junction 
of the head and web, as shown in loca- 


tion « M », figure 9. The carbon deter-~ 


mination from these drillings shall be 
within 12 % of the amount found at 
location « O », figure 9. If the test 
from the top, rail fails to meet this re- 
quirement, all the top rails from the melt 
shall be rejected, and a similar deter- 
mination shall be made from location 
« M » of a second rail. If this test fails, 
all the second rails from the melt shall 


be rejected, and a similar determination 


shall be made from location « M » of a 
third rail. If this test fails, all the re- 


maining rails from the melt shall be re- — 


jected. 
(e) If, however, the segregation found 


‘e 
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at location « M » in any rail in a rolling 
exceeds 25 %, when determined as pro- 
vided for in (d), the progressive: testing 
of the second and third rails will not 
be permitted on any subsequent melts; 
but on such melts the failure of the top 
rail to pass the requirements provided 
for in (d) will cause the rejection of the 
entire heat. , 


Big 9: 


In speaking of segregation now, refer- 
ence is made usually to the difference 
between these « O » and « M » deter- 
minations of the percentage of carbon. 
12 % was fixed arbitrarily as a reason- 
able amount for causing rejection of the 
rails examined. It is an excellent che- 
mical method of rail survey, as it gauges 
rejection progressively in accordance 
with the defects detected, because the 
products of different mills may vary 
greatly in their quality. It is much more 
useful and satisfactory than an arbitrary 
percentage of discard. It brought about 
rejection to as much as 40 % in some 
cases, but usually it amounted to 18 or 
20 %. 


Broken rails. 


In our classification of rail failures, 
Exhibit 2, we have placed « Broken 
Rail » at the head of the list, and this 
together with the « Split Head » already 
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discussed, is the most serious failure. 
The « Broken Rail » classification has 
been separated into two sub-classes, the 
« Transverse fissures », a crosswise 
break starting from a centre inside the 
head of the rail from which the defect 
spreads outward showing when fractur- 
ed a smooth, bright or dark oval spot in 
the head; and the « Ordinary Break » 
covering all partial or complete frac- 
tures (square or angular breaks) in rails 
in which there is no Transverse or Hori- 
zontal Fissure, and in which none of the 
defects or damage described as «Flowed 
Head », Crushed Head », « Split Head », 
« Split’ Web », « Broken Base », or © 
« Damaged » are visible. (Exhibit 2.) 

In studying a group of 286 « broken 
rails », it was observed that 71 % of the 
breakages occurred when the road-bed 
was frozen. Further, 96, or one-third, 
of the fractures occurred within the 
limits of the joint. Jf there were no 
fault to be found with the material, this 
would be a clear indication that the 
margin of safety of the rail under or- 
dinary service conditions was quite 
small; because, when the conditions be- 
came unusually severe, as in the case of 
a long-frozen road-hed, the rails imme- 
diately began to break, and, to a con- 
siderable extent, at the weakest point, 
namely, the joint. Examination in 
detail, however, disclosed many defects 
in the chemical composition and in the 
strength and ductility of the material, 
which must have had a detrimental in- 
fluence and helped in a large measure 
to bring about failure, when the very 
small percentage of breakages in the total 
number of rails in service is borne in 
mind. 

For instance, the material in a very 
large proportion of the rails is hard, a 
property which is usually accompanied by 
brittleness or segregation more or less 
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accentuated, or both, and in that con- 
dition the material is especially subject 
to fracture when the road-bed is frozen. 
There were but thirty-one cases in which 
hardness was not accompanied by britt- 
leness, segregation, or some other defect 
such as rolling-seam, slag, or the pre- 
sence of foreign metal, due to the cutting 
of the ingot-mould stool, or to pieces of 
steel thrown on the stool to prevent cut- 
ting. 

Some of the thirty-one fractures of 
rails exhibiting only hardness of mater- 
ial without other defects were probably 
helped by rather inferior alignment and 
surface of the track and poor condition 
of the sleeper; but such conditions of the 
permanent way will always be met with, 
as perfection of road-bed and rolling- 
stock cannot be continuously maintained; 
consequently the rail-material is expect- 
ed to be strong enough to meet the con- 
ditions imposed. In only twelve cases 
of breakages in the joint is the additional 
weakness at that point not accounted for 
by defective material. 

In twenty-one of the rails slag was 
present. As nineteen of these were of the 
heavy-base section introduced in 1908, 
it would appear that the methods used 
by the mills for pouring ingots are not 
as good as those formerly used, or else 
there is more carelessness on the part of 
the workmen. 


Transverse fissure breaks. 


The attention of railway engineers was 
first called to the type of fracture, named 
by him «Transverse Fissure», by Mr. James 
E. Howard, engineer physicist of the 
Interstate Commerce Commission, in his 
report dealing with the serious accident 
which occurred at Manchester, N. Y., on 
the Lehigh Valley Railroad, 25 August 
4914. 


Since that time, Mr. Howard has made 
additional analyses of this defect cul- 
minating 23 April 1923, in his Report 
on the Formation of Transverse Fissures 
in Steel Rails and their Prevalence on 
Certain Railroads to the Interstate Com- 
merce Commission, a summary of which 
follows : 


1° -Girder strength; 

2° Abrasive resistance from the action 
of wheels; ” 

3° Cold rolling effect of wheels on the 
head of the rail. 


Mr. Howard. considers these three the 
features which constitute the rail prob- 
lem, and if number three were eliminat- 
ed there would be no rail problem. 

Girder strength can be attained by in- 
creasing the section modulus of the rail, 
but rails do not fail from that cause. 
Bending stresses in the track and from 
gagging when straightening rail are as 
a rule within safe limits, and, therefore, 
are not responsible for the introduction 
of internal strains of high degree. 
Moderate overstraining affects only the 
fibres which are most remote from the 
neutral axis, the larger part of the cross- 
section not being overloaded, hence the 
internal strains of cooling and gagging 
need not cause any anxiety. In his forty 
years of examination of steel in all con- 
ditions he has not seen a fracture of rail 
occurring in service which admitted of 
being attributed to the operation of gag- 
ging. The number of gagging blows re- 
quired to produce a fatigue fracture is 
so great that any anxiety concerning a 
few blows required in the cold straight- 
ening of rails for service should be dis- 
pelled. 

The use of hard steels increases 
abrasive resistance, but the higher car- 
bon rails display a sensitiveness or ten- 
dency toward the formation of interior 


cracks, and those cracks are held to be 
detrimental, and, therefore, against the 
use of such hard steel. It promotes a 
formation of transverse fissure. 

Since it seems to be admitted that a 
relation exists between rails of high car- 
bon content and the formation of trans- 
verse fissure, the employment of wheel 
loads which requires the use of hard 
steels necessarily carries with it a degree 
of responsibility in their formation. 

Special steels have been tried to pro- 
duce this resistance to abrasion, such as 
nickel, nickel and chromium together, 
and especially high manganese, but all 
are subject to internal overstraining 
which causes rupture. The toughness of 
the metal is destroyed by the cold rolling 
action of the wheels, the same as in car- 
bon steel. A thin layer of metal next 
to the running surface of the head of the 
rail is embrittled by the action of the 
wheels. Transverse fissures have not 
been displayed by manganese steel rails, 
as the origin of its defects are in the 
exterior and noi the interior of the 
head. 

The third feature is the vital one and 
admits of solution in one way — by 
proper regulation of wheel loads. The 
effects of wheel pressures as they are re- 
ceived by the zone of metal at the top 
of the head constitutes the essence of 
the rail problem. It is per se the rail 
problem. 

Internal strains of great magnitude 
are introduced by the cold rolling action 
of the wheels, and not uncommonly ex- 
ceed the direct track stresses. These 
strains of compression are in the top of 
the head and reach or exceed 20 000 
pounds per square inch. They are 
counterbalanced by tensile strains in the 
interior of the head, and it is in this 
core of tensile metal that the nucleii of 
transverse fissures are located. The 
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shallow zone of metal in the top of the 
head is affected by the impinging pres- 
sure between the treads of the wheels 
and the running surface of the rails, and 
constitute the most critical strains to 
which rails are exposed producing trans- 
verse fissures. 

The strains of tension and compres- 
sion maintain a state of equilibrium, and 
change back and forth as the cold rolling 
action goes on, which explains the form- 
ation of two fissures in close pro- 
ximity. 

It cannot be urged too strongly that 
the rail problem centers upon the con- 
ditions which effect the shallow zone of 
metal at the top of the head. The rail 
problem is controlled by the ability of 
the steel to endure concentrated loads. 

In general summation, known ex- 
amples of transverse fissures in 1911 
were few. They are now numbered by 
tens of thousands. They are prevalent 
in the main trunk lines of the country 
and appear sparingly on roads of lesser 
traffic. They are found in the product 
of each rail mill of the country, and 
appear in both Bessemer and Open- 
hearth rails. Thousands of heats of steel 
are represented. Transverse fissures are 
displayed where the heaviest rails are 
now in use. They occur in rails which 
were laid on bridges as well as in those 
laid in ballasted track. 

They have been reported in rails only 
one month old and also in those which 
were thirty years old. The average age 
of rails which have displayed transverse 
fissures on different railroads show a 
relation to the volume of traffic on those 
roads. 

They occur chiefly in the tracks which 
carry the heaviest traffic, showing the 
influence of loaded freight cars, since 
the locomotives pass over both the heavy 
and light tracks. On curves, transverse 


oy the) manner in Reb ane ee were . 


loaded. 


In rails with chenteved heads, incipient 


fissures have been found located — 
the sound metal beyond the shattered 
zone. 


With this general exhibit th the pre 


valence of transverse fissures the query 
arises, what is to be the outcome of it? 
Is there any remedy against the form- 
ation of transverse fissures? The ques- 


iton does not admit of an affirmative — 


reply. The results of this compilation 
do not hold out or promise that trans- 
verse fissures can be eliminated under 
these conditions of service which have 
now been reached. : 

Internal strains must be reckoned 
with. They are just as real as those 
caused by the presence of external forces. 
There is no recourse against their intro- 
duction. The fundamental feature of 
land transportation, carrying loads on 
wheels, involves their introduction. They 
were present in puddled-iron rails used 


under light wheel loads where, indeed, 


the highest internal strains yet measured 
have been found. 


It is questionable whether increased 


weight of rail, far beyond the heaviest 
now being rolled, would overcome their 
destructive effects. 

The ideal manner of advancing ‘this 
subject would be through the co-ope- 
ration of the trunk-line railroads and the 
steel mills. 
turing features are in the possession of 


lographists. 


“lem, ae whitch fhe aoe is as ieee a 


himself in accord. There is but one 


Knowledge upon manufac-- 


tmaticians Hig "ee vite Gad by metal- = a 


summary as possible, is one of the most. 
complete, and probably the most com- 
plete that has ever been made, and with 
many of his views the Reporter finds 


Poin sehen on which we Rees 


iaratine Naf the | 
Altoona Laboratory of the Peneyivai al 
Railroad System pointed out the presence ’ 
of a ‘shattered zone of metal in nearly — 
every case of rail failure displaying — 
transverse fissure. Mr. Howard says — 
transverse fissures have been found out- a 
side of those zones, but in the great — 
majority of the examinations made these a 


ain 


- 


et | ey ee 
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transverse fissures are accompanied by 
these shattered zones. Further investig- 
ation is needed. 

The main point in the problem is, 
however, the overstraining of the metal 
in the head of the rail by the severity 
of service and the probability of increas- 
ing severity. We have changed from 
iron rail to Bessemer steel rail and now 
to Open-hearth rail. We are now re- 
cognizing the necessity. for using the 
tougher and more resistant high man- 
ganese steel rail on the sharp curves 
where the traffic is especially heavy. 

In addition, we have laid before the 
steel manufacturers the question of heat 
treated carbon steel rails in order to as- 
certain on what conditions they believe 
they can furnish such rails for use 
in our heavy service tracks between New 
York and Pittsburgh, because of the 
considerable increase in the elastic limit 
of such material. Mr. Howard makes 
the following quotation from the presi- 
dential address of A. W. Gibbs, before 
the American Society for Testing Mater- 
ials, in 1915. « Tersely stated, it means 
heavier loads and more of them. This 
is a path once entered upon, admits of 
no turning back. » 

Inasmuch as economy’ in transporta- 
tion has been brought about by large 
capacity unit of rolling stock, the road- 
way on which those unils are carried 
must be made strong enough for its 
duty. 

The engineer physicists and chemists 
of the railroads have given deep and 
prolonged study to the fundamental 
cause of the transverse fissure which, 
doubtless, is developed in service as de- 
scribed by Mr. Howard, and, after re- 
search of many hundreds of samples, 
chemically, microscopically, physically 
and metallurgically, Dr.. McDonnell and 


‘Mr. Waring, of the Altoona Laboratory 


of the Pennsylvania Railroad System, are 
quite convinced that the source of the 
defect is thermal and not chemical. 
Almost every case examined by the dia- 
gonal section deep etching tests show the 
presence of many internal cracks, which 
are believed to be incident to the process 
of manufacture. A splendid typical 
example of a transverse fissure, together 
with the shattering cracks disclosed by 
the deep etching tests in the longitudinal 
section, is illustrated herewith, figures 10 
and 11. Chemically, the material is 
homogeneous, without any segregation, . 
and the sulphur print shows a uniform 
and fine-grain. texture. It happens to 
have a high silicon content, but these 
failures are found in rails with low sili- 
con as well as high. The tracks is high 
speed, and the annual gross tonnage per 
mile of track carried is 10776 000, 
about half the amount of the heaviest 
traffic division of the Pennsylvania Rail- 
road System. With this, there is very 
little top surface wear on the head of 
the rail. 


In studying « Transverse Fissure » 
failures in order to develop a rational 
plan for dealing with them, we have 
brought to light the following very im- 
portant facts : 


(a) The conditions conducive to 
« Transverse Fissure » failures are likely 
to persist through two or more consecu- 
tive melts. In one case six consecutive 
melts had from three to seven « Trans- 
verse Fissure » failures; 


(b) The « Transverse Fissure » failures 
are not likely to be confined to certain 
ingots. The four failures from one melt 
were all from different ingots, and no 
instance was found where all the failures 
from a melt were from the same ingot. 
In Melt No. 52009, « Transverse Fis- 
sures » were found in at least six ingots, 


100 Ib, P,S. Laid : 2-1917, Removed ; 12-12-23. 
In service 6 years, 10 months in tangent track. 


Pe P '. Open-hearth tyne One 4 
—.wommmnagg Fr 7 hee 
ad tal 4 { | | Average Brinell | 


Borings. ie. (oh Mn. aR: emesis Ss. | hardness. | 
‘Head«O»... | 0.649 | 0.90 | 0.042 | 0.286 | 0.044 | . 
“Web«M»... | 0.647 | 0.90 | 0.039 | 0. ee 0.040 |. 


-ofBlione. is iwage a possibality of the 
letters « E » and « F » being confused 
in reporting. | ‘ fs to proceed thro 


- r © 3 


_ secutive melts is a strong proof that the 
- conditions of manufacture are very vari- 
able, a period of bad work running 
through several melts, and that during 
the period of bad work defects occur in 
the process of manufacture which lead 
to ultimate failure in service in the 
tracks. 


Fig. 11. 
Longitudinal sections deep etched. 


The American Railway Engineering 
Association committee has collected 
Statistical information of transverse fis- 
sure failures covering about one half of 
the mileage of American railway track, 
and found that 5 362 simple transverse 


q _ fissures were divided among the differ- 
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ent positions in the ingot from the top 
down as. follows : ; 


F rae Saal 


Simple 


Rail letter. 
transverse fissures. 


These indicate at least that, although 
they occur in any part of the ingot, the 
upper segregated and less dense and non- 
homogeneous part is by far the most sub- 
ject to the defect. 

During the twenty-one years from 1902 
to 1922 inclusive, 11 189 fissures have 
developed from 7 846 melts produced by 
the various mills, a ratio of 1.4 fissures 
per melt. 

Another group of statistics show that 
only one melt in ten sold to the reporting 
railways produced any transverse fis- 
sure, or about 1-1/2 % of the rail melts, 
a chance of 1 to 65. 

Taking the full number of rails in the 
tracks of the reporting railways, 
37 000 000, there has been one transverse 
fissure failure to 3 300 rails in service. 

The mass of failures is grouped by 
certain periods of production at certain 
mills, not only in periods of years, but 
are narrowed down to specific heats. 
Then some change in mill practice 
occurs, and the rate of failures is en- 
tirely changed. One mill through a per- 
iod of twenty-one years, by a voluntary 
discard from the top of the ingot of 


ed traffic. [sy 
‘In view of the ctatenent made in the 
_ Interstate Commerce Commission report, 
previously referred to, that « a relation anu: 
exists between rails of high carbon con-  coveri 
tent and the formation of transverse fis- 
sures », it should be noted that in the have occurred i in : 
- case of "2 020 fissures they were evenly iod of ten years two m 
divided between ranges of carbon 0. 58 ee following proportions 3 


a ‘ 4xus 


s 


Tite ican 


Number of rail failures per melt in 2000 melts. 


4 630 melts, or 81.50 /o oe the total melts examined, had Pe ik ate 


228 — — 11.40%, = ae aE aoe ee ee : 
: oe = erie ee ee = es ede ae ter ee 
ee 830 ay 22" 16 bh cae RR et ae ee ie 
as a ee ei Ae zs Loe eee Oe Veen a 
ee 55. osu, AD 5 enn 40,55 Ole Te ee 
a T — — 085% —- = pd ee ; 
ee ti. 3 Esa eee ai eee . 
a AD) et en Oot Zs = i 3) eee ects 
0: a 0.00 See ees A See ee r 
sts 37 = 05 0/ a Bey Ee J : 
ea: 1 — — 0.054 - = = = 4 
pan? On the subject of co-operation of the the world cannot be gainsaid. 
Ronee trunk line railroads and the steel mills companying tabulated statement of tral 
_ mentioned in the report, the preliminary fic of the principal railroads for the 
steps have been taken to increase the year 1923 (table 7), is a remarkable 
a activity in joint study, which has been a oe Pra aeath 2. Tham 
ea: carried on for many years to their mutual ioe = 
me advantage. of 
a The key-note of the report is the severe 
Bia stress imposed upon the rail by the great 


traffic and heavily concentrated axle- Y cor 
loads of the rolling stock. That these a aie Hee | an Ee traf 
are greater than in any other place in fic density... : 
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TABLE 7. 


be : Operating statistics of large steam railroads : 
for the year 1923 having operating revenues above $25 000 000. 


(From Railway Age.) 


| 
S) 
q Average 
=e i 
es miles 
v7] of road 
o 
2 operated. 
| 


4| Pennsylvania Railroad System. .... 10 894 
2| New York Central (includes Michigan 
Central, C. C. C. & St. Louis, & 
Pittsburgh & La Hs) vi a ned 10 904 
Illinois Central (includes Central of 
US SLOSS) SS ee nS 8 097 
Baltimore ce OUlOn, i. 24e0s Gn as 2, sere 
Atchison, Topeka & Santa Fe (includes 
Gulf, Colorado & Santa Fe). .... 11 776 
Southern Pacific (includes lines in Texas 
SUIOMISTANA is) se eas sve aa ts te iss 10 635 
Union Pacific (includes Oregon Short 
Line & Oregon-Washington Railroad 
(fe INGOTS) Whe ord aie tiak ehanae beter Fae 8 256 
Chicago, Burlington & Quincy... ... 9 334 
Chicago, Milwaukee & St. Paul... =| 11 007 
rie Railroad” i.) ).): a9. he Spas 2 309 
Chicago & Northwestern. ....... 8 456 
@hesapeake & Ohiow. 25.9. 2. a 2 553 
Louisville & Nashville......... 5 028 
WorfolkiG& Western: oi. cc eis. koe 50 2 228 
Southern Railway ..... peace sant: 6 942 
GireateNOnuierms crs 6-3 le wits ns os al 2 6 8 254 
Chicago, Rock Island & Pacific . T 635 
INUISS DUT LORETTA ati, Bs Ohaus: ets ot Pee te 7176 
iNonihernP ace aso.) ce aise ee cee 6 420 
Philadelphia & Reading ........ 4 120 
TUTE Ste 9 Be 5 Sige cot at be ae SN 2 418 
ehiohe Valleys maneyt: Sicch-s.cy lssna ipa an yx 1 317 
Atlantre Coast Lime ip oc . sw. ss 4 861 
New York, Chicago & St. Louis... . 1 448 
St. Louis € San Francisco....... 4 683 
Delaware, Lackawanna & Western . 993 
astound alneas fra rere Soir co lyse 2 455 
Melaware«s Hudson’. sya eso 4 886 
New York, New Haven & Hartford . . 1 974 
Beaboard vA UMMM ste kei sae irs uste uel « ¢s 3 552 
RCLOUMArGqUeMlCs = meen sre ws ler sce: ns 2 190 
hicago cs Alton a ee. Vos ie ks 4 010 
Mentrals Railroad rau. 5/2) ibe a) s)he 695 
Chicago & Hastern Illinois. ...... 945 
Boston cmNlvanyen «pakke te uss 394 
‘Wfays\ SP SESSES GL at Meek co ei ae ga 393 


Annual freight traffic. 


Gross ton miles 


F Annual 

Train miles. excluding, passenger 
locomotive train miles 
and tender. : 


a FE SST SS ERR A 


59 894 104 | 106 298 624 000} 62639778 
46 769 1414 95 337 259 000} 48 288 373 
27 656 467 44 326 262 000] 22 169 102 
24272739 | 38 179 645 000] 23 381 616 
23 747 942 36 600 521 000] 23 478 633 
24 583 574 33 973 603 000} 26 818 676 
20 764946 | 33 300 529 000} 418 118 706 
24 649 558 30 982 922 000 | 17 634 753 
12 934 838 26 624 085 000 7 622 649 
20 289 792 26 048 210 000} 18916 974 
10 934 471 25 170 482 000} 6584 559 
20 336 983 23 648 984 000) 12327 406 
10 286 483 22 405 375 000 4 828 330 
48590275 | 24990715 000} 415784 761 
12 284 236 | 24188 310 000) 11641175 
17215 784 | 20596 731 000} 415 206 688 
13 695 840 19 064 645 000} 411077281 
11 008 107 17 968 016 000 | 9822 837 
8 434 8541 44 168 929 000} 61410877 
7 688 362 11 848 813 000} 5654 833 
6 967 594 14 728 205 000 4184 988 
9091 658 |- 441 415 '732 000} 93897 482 
7538 364 11 383 072 000 2 184 632 
10 547 929 11 354 255 000 8 860 645 
6 465.424 10 708.942 000) 5 864 623 
7 344 963 8 039 012 000 | 10078 237 
4 220 793 7 884 516 000} 2375516 
6 029 268 7 368 292 000} 12316064 
6 130 643 7 286 548 000) 7084031 
4 890 440 6 T70 525 000) 3306107 
4112 958 5 797 119 000] 3449608 
3 541 688 5 102 977 000} 4293044 
2 976 544 4586 606 000| 2760470 
3 655 763 3 689 116 000} 3668 073 
576 240 436 583 000| 2473643 
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Some of the most recent heavy locomotives, all freight except the two last, are 


named below (table 8) : 


cluding design and specifications, was 
resumed with increased effort and has 
been continued for twenty-five years. 
This is a co-ordinated and united effort 
and will be carried on indefinitely in 
order to take advantage of the improve- 
ments found desirable from time to time 
by reason of the progress of the art. 


The present period has witnessed the - 


passing of Bessemer steel for principal 
rail manufacture, and the general use, 
almost universal, of Open-hearth steel in 


- satisfaction. 


TABLE 8. 
Railroad. | Service. (exc. tender, an bei er egg ney a Type. i 
| 
Gt Freight 436 510 69 446 84 260 240-2 2 
Union: Pacific 9. = fei = — 378 000 59 000 70 450 2-10-2 a 
Southern Pacific... ... 398 000 | (1)64980 | (75 150 2-10-2 | 
Illinois ‘Central, <7 75.2". — | ‘| 882000 61 500 73 800 2-10-2 | 
Great Northern... ... = 422 340 68 500 87 000 210-2 | 
Penusyivar aceeagie eae = 386 100 71 500 90 024 2-10-0 7 
Pennsylvania; 4-0. oon Passenger. 385 000 69 500 64 550 4- 8-2 | 
Southern Pacific (3)... . — 368 000 64 500 67 660 4- 8-2 
(1) 62 460 Ib. on trailer. 
(2) 85 350 lb. with booster. i 
(8) This locomotive makes the entire run between El Paso, Texas, and Los Angeles, California, 815 miles with 
a 12-car train. 
Rail designs. its stead, and the introduction of the 
heavy base and better balanced R. E. rail 
It will be seen from the preceding that, designs. The recommended designs of 
for a period of twenty years, 1873 to the American Railway Engineering Asso- 
1893, the engineering societies concen- ciation and of the American Railway 
trated their study upon the design for Association, its sponsor, together with a 
a rail which would give the best service few of the independent designs of other 
‘from the points of view of resistance to railroads are illustrated herewith, com- 
wear, breakage and crushing. parisons being made between the two — 
A period of « watchful waiting » suc-. nearest designs in each illustration ~ 
ceeded in order to determine the results (figs. 12 to 23). 3 
of the work, lasting. until 1899, after Since the introduction of the heavy 3 
which the whole problem of the rail, in- base designs, the base failures have been ~ 


reduced to a very small number, but it 
will be observed that the New York 
Central Lines maintain the use of the 
thin base from the point of view that 
the change in material from Bessemer — 
to Open-hearth steel produced a stronger 
steel and made it unnecessary to thicken 
the base as well. It may not be consider- 
ed as definitely settled as yet, because 
it is based on a metallurgical problem 
which has not been solved with general 


a 


In view of the important facts which 
have been set forth in this note upon 


§ imposed on massive loads and extraordi- 
nary traffic upon a material of limited 
: strength, it appears to the Reporter that 

we are driven pretty hard to discover 
such improvement as can be made in the 
“manufacture of rail steel to keep up with 


Square 
AREA. | inches. 


EY lee ear ory 


Moment of inertia. ‘ 

Sevtion modulus head .......... 
ASOiepacees ses 

Ratio moment of inertia to area. . 

— section mooie WO" SIDA woeentacssvea 

— height to 

— hase to ee 


rail service, culminating i in the high duty © 
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the advancing punishment. We ought 
really to get ahead of it and not be in 
the position of always trying to « catch 
up » as seems to have been the state of 
affairs for many years, as may be ap- 
preciated from the account of the several 
concerted efforts made by the engineers 
to keep up with the business require- 
ments. 


150 LB. R. E. 


Recommended design for 150 Ib. rail section. 
Fig. 42. 


An important step in the effort for im- 
provement was the jump from the use 
of a 100-pound rail to the heavier 
weights, 130, 135 and 136 pounds per 
yard, whereas, up to that period, the in- 
creases were made in steps of 5 to 
-40-pounds per yard. 


; 
: ea: 
: Heavy rail designs. 


The first of these heavy sections was 
the 135-pound rail of the Central Rail- 
road Company of New Jersey (fig. 14), 
which was rolled in 1910 for use on very 
sharp curves (10° to 14°), where the 
traffic was heavy. About 40 miles are 
in use, but no more will be ordered, as 
it is the intention of the company to lay 
130-pound R. E. instead. 


Moment of inertia 
Section modulus, h 


— height to base... 
— base to height 


[a 


Square inches. 


140 lb. R. B. 


ee har em ae ea lo at 


OLSOns 


See 


- Por cent. : beg as 
1 lc ait EPA a lake (iis 2 ee WEL ate 
RR, 1s Ne Te locomotive axle 
| R. E. | NI. RE | iia ae weight run over rail, 
4.93] 5.33 | 36.3 -} 40:3 FP) 
=A 3.28 | 2.90 | 24.1 21.9 Vid 
| 5.37 | 5,00 | 39.6 37.8 mad 
Total... | 13.58 | 13.23 | 109.0 | 100.0 _ iy ; 
ee Ayes 
Moment of dnertia ......:seceeeeeee | 89.20 | 72.40 14 
Section modulus, head.. 23510" 20510) Mah 
— ts eb RG eee cbc ccc 2B MORE HE Schl 
Ratio moment of inertia to area... | 6.56] 5.47 11 
— section modulus to area ...... 1.70 1.56 “hoes 
— height to basé.........0.-00 1.12 1.08 is 
— base to height... 0.89 0.92 ! r 
140 lb. R. EB. 'r 
1 Pennsylvania Ra ilroad ‘System 
. railsections 
Ie- ~ ~~ ------6 ---=-- -=- = 
Comparep with 140 xe. R. E. 
=a 
M 3 


130 Ib. P. S, 


Pennsylvania Railroad System 
} Various rail sections 

eg compared with AREA 
recommended designs. eo 


Railroad =] Maximum 
companies using | locomotive axle 


Dudley section. weight run over rail. 


Passenger, Freight. 


see ore 


427 Ib. Dudley. 
Pennsylvania Railroad System. 
Various rail sections! | 
compared with AREA « 
recommended designs. a 
— es oo 
. oy a ne rs 
ts a. ti WIS eit | i 
es Silas a eee 
a - - —— 
of 
5 + 
ca” , dota i = Moret 4 
% é ' _ Comparep wits 130 xs. R. E. . 
. ir a m 
sal Fig. 16. 
» rT a 
- a te 


| Fea] “ho ae ws ms + as rs lf” ha - . ~*~) 


Per cent. 


Square inches. 
R. B. Dudley. 


R. E. | Dudley, 


Railroad | 
doshas using 
Dudley. section. 


Maximum 
locomotive axle 
weight run over rail. 


i ; 4.20 | 37.1 7. 
4, _ 4.16 |_ 40.2. | 37.0 a Pipl Reccesos<e 59.000 Ib, | 75000 Ib, 
1. 11.24 | 100.0 100.0 ‘ 
67.6 | 64.0 ++ rr 
18.9 18.3 H . 
23.1 21.3 \ 
5.71 5.69 i 
— section modulus to area... 1.59 1.63 t 
— height to base............... Tas 1.18 ~.0 
— base to height.........6.... 0.88 OsBo Ss aeseie 
120 Ib. R. B. 


445 lb. Dudley. 


Pennsylvania Railroad System. 
Various rail sections 


compared with AREA 
recommended designs. 


CompaRED wiTH 120 LB. R. H. 


Fig. iW cs 
Square inches, Per cent. Railroad 
PP Pee Sas na Maximum 
ARE, R NY. | pp Cy NH &i locomotive axle 
NH. i NOB ie Non h eee ge i anion | Weight run over rail, 
Head......++ 3.80] 4.02] 37.4 | 38.6 Th} : 
Web. ccscwe 2.95 | 2:37 | 23.0 | 22.3 |i : Passenger: | Freight 
BaS0sSesesecs 3.90 3.86 39.6 39.1 lt N.Y. NH. &H.. | 56100 Ib, | 63035 1b, 
Total 9.95 | 10.25 | 100.0 | 100.0. fr 
Moment of inertia.........+. 5720' 3 52:S eee ke 
Section modulus, head .. fee 16.7 15.9 ‘| 
oes iat Se, Sdn 388. ee 
Ratio moment of inertia to area... | 5.27 5.05 19! 
— ection modulus to area.... 1.55 152 
— height to baso..........-+0e. 1.14 Rollo 
— base to height.......s0ser0 0.88 0.90 oi 
100 Ib. R. B. ie er ieh “PB nluraAns 407 Ib. N. Y., N. H. & H. 


Pennsylvania Railroad System. 
Various rail sections 

compared with AREA 
recommended designs, 


|--~--- ----—------—-- 


Seclareeny | Paneer Sowa y enke ae 


ComparED with 110 uz. R. EH. 


Fig. 18. ‘ 


II—65 
Square inches. Per cent. i Z Bala, Hasna 
2 Bie beg ee companies using ocomotive axles 
RAB | Dudley. a | Draley. J hh ley section. weight run over rail. 


Passenger. Freight. 


62.000 Ib. | 63 100 Ib. 
82 000g). | 6 100 Ih 
5 at 60 400 Ib. 
52.50¢ Ib. | 59 100 |b. 


Moment of inertia......... 
Section modulus, foal 
Ratio moment ¢ of inertia to area.. : 
— section pana to area ..... 1.52 
— height to base,............066 A 
— pase to height.....seersvveeee 0.90 
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405 Ib, Dudley. 


Pennsylvania Railroad System. 
Various rail sections 
“compared with AREA 

recommended designs. 


i 


ComparED with 100 LB. R. E. 


Fig. 19. 
AREA _Sauaresinehes. 7 Percents az Railroad Maximum 
. i gS ok companies using ocomotive axle 
sts [0 &W. BE [D. eke ; DL. & W, section. weight run ov r rail. 
enee 
Fa) Bs aes | Passenger. Freight. 
39.2 acietn* wore i Dede & Wivstevs-- 66 700 Ib. | 68 400 Jb. 


Bhp aias ao seen 


eel 


— base to height, ......s..s00 


' 


105 lb. D. L. & W. 


Pennsylvania Railroad System. 
Various rail sections 
compared witb AREA 

recommended designs. 


Comparep wirh 100 xa. R. BE. 


Fig. 20. 


. Moment of inertia... 


Total... 


Section modulus, head. 


base... 
Ratio moment of inertia r 
— section modulus to are 
— height to base 
= a to height... 


justification of the expense for these 


heavy types : ; if 


Rail service value is determined by : 


4° Rail failures; 
2° Rail life; 


ance. 
4° Rail failures. 


It has been pretty well determined 


from the study of our records that the 


rail failures in 100-pound rail are from 
two to two and one-half times as many 
as in the 130-pound. 


Comparep with 100 xz. R. E. 


Fig. 24, 


3° Comparative cost of labor mainten- 


2 Rail life. is } ty ee a 


The comparative records | of ‘nie lif 
are more oe ie an in po case of I 


sila ‘some cial sehicha 
enter into such comparisons a 
factors a Bees been 1 Z 


comparing ae different er ye: 
which have been laid consecutively 0 
the same sharp curves” and keeping r 
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Square inches. 


— section modulus to area..... 
— height to base ies 
— base to height 


denen esaeeweres 


a 


oe 
Per cent. 


Maximum 
RE | 8.02 


locomotive axle 
weight run over rail. 


Railroad 
companies using 
A.S 0. Re section.» 


6° 


FF Passenger. | Freight. 
63 820 Jb. | 61 167 Ib. 
Li 63 833 |b. | 63 833 Ib. 
tes 49 000 Ib. | 49000 Ib. 
an % 48 500 Ib. | 46 800 Ib. 
9.9 é | ik 59 5C0 Ib. | 53 895 Ib. 
5.1 : é 74 600 |b. | 75 600 Ib. 
ee lf 62 550 Ib. | 61 200 Ib. 
a Her rf 61500 Ib. | 61 250 Ib. 
0.90 | 1.00 ,} 
| 


Pennsylvania Railroad System. 
Various rail sections 
compared with AREA. 

recommended designs. 


z 
7 ComparED witH 100 us. R. H. 
Fig. 22. 
: x Square inches. Per cent. Railroad PAS Bolt holes. 
: Sa ea Se eee companies using locomotive axle . 
ARbA. | ASCE | ARMA | ASCE A.S.C.E seetion. | weight ron over rail, | ,, stance | Diameter. 
3 a a0 30:9 Passenger: | Freight. 
3.50 PHY 39.8 37.4 ea 330 Ib. | 68 330 Ib. 2 isa, 1 the! 
8 82 | 8.83 | 100.0 _| 100.0 ae Payee piled 1p 
es " 47 , 1 12! 2 45/;99!! u 
ent of inertia... ... Raccaiesere 38.7 34.6 ad Hs “ Se Ba . - Path ee 
ion modulus, head......... 12.56 | 12.2 4: 52 000 Jb. | 2 45/j03!" 11)," 
_ = base pte senesoocdsn 15.23 Neck 68 900 Ib. | 63 200 Ib 9 25]gq'! 1 
‘atio moment of inertia to area... 4.39 3.92 67 200 Ib..| 68 700 Ib. | 2 45/594" ] Yg!t 
— section modulus to area...... 1.42 1.38 62.300 Ib. | 65 800 Ib. | 25/28" rajen 
1:10 | 1°00 Ot | Sam | Tien 
0. s -B. 0. (replacing) | 44500 Ib. | 56 200 1b. | 2 45/jog!" | 1 1/g!!-1 1/g!! 
ig Four (replac- 
ID) euceeeraenes 62 000 Ib. | 63 100 Ib. | 2 454.9!' We 


90 lb. A.S. C. E. 


Pennsylvania Railroad System. Various rail sections 
compared with AREA recommended designs, 


ComparED wiTH 90 Lp. A. R. A.-A. 
Fig. 23. 
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cord of the time of service has resulted 
in the estimate that the life of 130-pound 
rail may be from 20 to 30 % greater 
* than that of 100-pound rail in the same 
case. We have cases, however, where we 
have eliminated defective material from 
400-pound rail by our special chemical 
examination, which was in force for that 
material from 19415 until 1924, so that 
the 100-pound rail has given equal and 
even greater life than 130-pound rail, 
which was not subjected to the same 
searching examination. There are some 
places on the System where batter of the 
rail ends in the 130-pound rail occurred, 
whereas on other portions of the System 
with a very much greater density of traf- 
fic the same defect was not noticeable 
to any great extent. Examination of this 
rail showed that apparently it was soft 
material, carbon being as low as 0.65 %. 
We attribute this to defective material 
rather than to the weight per yard. 


3° Comparative cost of labor maintenance. 


No precise records of relative cost of 
maintenance have been kept, but there 
is a general opinion among the trackmen 
that there is economy in the labor main- 
tenance of 130-pound rail over 100-pound 
of from 20 to 30 %, which is not always 
taken advantage of by reduction in 
forces, but in the maintenance of a better 
condition of track. 

It is well settled in our minds that the 
business of this Company could no 
longer be carried on adequately on the 
100-pound rail section, where our traf- 
fic and rolling-stock are the heaviest. 


- The Lehigh Valley Railroad Company 
began laying the 136-pound L. V. section 
in 1916 (fig. 13), and reports that it 
has records giving more than twice the 
life on curves under increased traffic 
that was obtained from the 100-pound 


R. A.-A section previously in use, and 
there are 10° curves laid with the 
136-pound rail where no work was re- 
quired in four years to readjust the line 
and surface. 


Rail material required. 


In spite of this large increase in rail 
weight, rail failures continue to occur, 
but with diminished frequency, and the 
type of failure indicates that improve- 
ment in the quality and strength of the 
metal is required rather than a further 
increase in the weight per yard. 

From the study of the rail design, we 
find now that our effort must be concen- 
trated upon the study of the material in 
order to improve it in such a fashion 
that it will be suitable for absorbing its 
peculiar stresses and transmitting the: 
super-imposed weights to the road-bed 
with perfect safety. We are on the eve 
of another period of research, and this 
time into the material of construction 
which goes to make up the rail. 

The use of various alloys has been 
considered, high manganese, nickel and 
chromium, but without heat-treatment 
the alloys are not used to their best ad- 
vantage. Nickel and chromium in rail 
steel have been tried by several railroads 
without heat-treatment, but the result 
was indifferent, the failures in some 
cases being greater than for carbon steel, 
perhaps because the right proportions 
may not have been introduced. The 
amount of nickel alone which has been 
used was 3.25 to 5.00 %. The amounts 
of chromium and nickel together have 
been 2 to 2-1/2 % nickel with 0.50 to 
0.90 chromium in some instances, and 
in others somewhat less. As chromium _ 
is a hardener, and nickel a toughener - 
metal, the combination ought to be good, 
but in all probability they require heat- 


ie treatment to bring out the good effects, 

as is the case with motor-car steel. 

__ Manganese steel is valued mostly for 

its resistance to abrasion, and has been 

considered already in connection with 
rail-wear. 

Rails finished in the electric furnace 
_ have been tried by some railways, but 
_ without marked advantage. 

Whenever a high class steel is requir- 
ed for a special purpose, it is made gen- 
erally from ingots which were teemed 
_ with the assistance of a sink-head, with 
_ the large end of the ingot up, as it keeps 
_ the upper end hot, conducing to more 
_ uniform cooling which lessens segrega- 

tion and makes sounder and denser steel. 
_ Trials of rail steel prepared in this way 

_ in 1914 and 1915 have been made with 

good results. There were only 174.5 fail- 
ures per 100 miles of track of sink- 

_ head rail against 415.4 of ordinary 

Open-hearth rails per 100 miles of track, 

but the most satisfactory part of the re- 

cord is that there were only 63 broken 
sink-head rails per 100 miles of track 
against 200.6 broken ordinary Open- 
hearth rails per 100 miles of track, show- 
ing that not only does the sink-head 
method help to lessen head failures, but 
has such an effect throughout the entire 
ingot as to reduce the breakage as well. 

It should be advantageous to use the 
_ oxidizers titanium, vanadium, silicon 
and aluminium, which act as scavengers 
_ to make steel more homogeneous, in-con- 
_ junction with the sink-head, for the 
_ latter would help to nullify the tendeney 
_ of the former to form a deeper pipe. 
The production of the Sandberg Sor- 
_ hitie microstructure by hardening and 
4 toughening the upper part of the head, 
_ which must undergo the greatest severity 
_ of service, by cooling it more rapidly 

than normal by means of an air-blast 

controlled and directed so as to bring 
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about the cooling in the desired portion 
of the head, is being tried in service by 
several companies, and, while in general 
it is reported that the abrasion of the 
head is somewhat less than in the case 
of Open-hearth rail, it is not considered 
that they have been sufficiently long in 
service to make definite pronouncement. 

This seems to be a sort of partial heat- 
treatment which does not appear to the 
Reporter to bring about sufficient im- 
provement in the metal to meet the de- 
mands of the service required by the 
conditions of the period which is now 
at hand. There is the utmost necessity 
for great and radical.steps forward. 

Twenty-five years of work ‘wpon the 
improvement of the specifications have 
not brought the result required. Many 
changes have been introduced which have 
been beneficial, but the great improve- 
ment, which is increased strength and 
ductility to the extent necessary, has not 
been reached. 


Heat-treated rails. 


To attain this, study brings us back 
every time to the heat-treated steel. 
Trials of heat-treated 100-pound and 
425-pound rails, prepared at the Altoona 
Shops of the Pennsylvania Railroad Sys- 
tem, and by two or three of the manu- 
facturers, have been made in the tracks 
of that System with encouraging results. 

At the works, compared with untreat- 
ed, treated rail, water quenched at 
840° C. and annealed for two hours at 
450° C. gave an increase of : 


1° Elastic limit of 69 %; 

2° Ultimate strength of 32 %; 

3° Elongation : Nothing. 

4° Reduction of area : 50 %; - 

5° Bending capacity of 93 %; 

6° Resistance to impact : over 89 %. 
So tough stopped pendulum; 


square inch; 
Elongation % in Senet: + 9. 0; 
Reduction in area : 15. 4 %.- 


fe 


- Thus the strength required, as pre! 
Micky noted, is attained at once. 


Again, in the service trials there | isa 


decided improvement in the resistance 


to abrasion from wheels of Pe Ee! 
steel rails amounting to from 412 to 64 % 
less wear. In the lots carefully cremaead 
there was but one broken rail. 


oi 


It appears, therefore, that heat-treat- 
ment of rail-steel promises greater re- 


sistance to wear, and a stronger metal 


to bear up under the loads, thus avoid-— 
ing the breaking down of the structure | 


of the present carbon steel rails in use, 
and probably at not much greater cost 
than carbon steel rails. 1 

It is realized that the trials up to the 
present time are of limited quantity, but 


the manufacturers have been requested 


by the Pennsylvania Railroad System to 
make such additional experiments as 
will enable a decision to be reached upon 
the practicability of placing the manu- 
facture upon a commercial basis. 


It is believed that the care required in _ 


heat-treatment will make it necessary to 


introduce into rail steel production other 
practices. for the better, such as the use 


of the sink-head with ‘the large’ ao of 
the ingot uppermost, ete. 


in aie ingots. 17 


'y 
* portions of the 


in the ee oe Dp 


8 but be extra ae has been oie 


‘more punted de, ee 


Tensile ceetnae 168 600 pounds per oh 


of pee. are ee: dl 1e top 


As the grea 


rigorous. this alee in. a gens: pe 
centage of rejections, — for which | 
manufacturers require us to pa 
will allow us to make our tests and in- 
spection as severe as we like (barring 
complete rejection) as long as we pay fo 


some to accent 
Werte —— oe 


eee 


if we have more the 2 use 
omically, rather than pay” ‘the p 
rejection. RA 

In the lowe - classifie ice po 


besides the « De-Graded » rails of a heat 
which has been in service and found 
defective and uncertain by having too 
many failures. 

We look upon the No. 2 rails as the 
safest of the lot, because their classifi- 
cation comes from roughness and sur- 
face imperfections, and possible low 
point in the deflection, not. impairing 
their safety. 

The X-Rayl may come from any part 
of the ingot, principally from the « A » 
or «B» or «C» rails, as the remainder 
is not usually tested. A few might come 
from the lower portion through dis- 
_ covery in the bolt hole drillings or at 
the ends. 

The « A » rails come from the poorest 
_ part of the ingot and are the most likely 
_ to be defective, segregated and brittle. 
' It is true that not all « A » rails are 
bad, but they have the most bad com- 
pany. However, they receive two tests, 
, that of the « drop » (or falling weight), 
and the nick-and-break, so that in point 
_ of service assignment, we class them 
with the No. 2 rails. 

Now, in order to select the best of the 
material for our advancing requirements 
on our great traffic bearing. trunk lines, 
it is right and necessary that the low 
classes of rails should be excluded. We 
come, therefore, to the plan of Inspection 
and Acceptance of Rails by Ciassification. 

Inspection is the degree of rejection, 
and the percentage or rejection fixes the 
price. 

_In.order. to avoid the-issue of extra 
price, which is usually above actual 
extra cost we propose in the specifica- 
tions suggested herewith (Exhibit 4), to 
purchase the X-Rayl material and select 
the places for its use where the service 
will be in proportion to its severity. 

The main object in all of this is to 
select the best and safest rails for our 
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heavy trunk lines, and the above is the 
plan worked out after years of study for 
accomplishing it. The question of the 
amount:of these lower classification rails 
is a secondary one, If we get too many 
for the selected service, then the surplus 
should be sold and we will yet be better 
off financially than by paying the new 
price for their rejection. If, however, 
improvements in manufacture continue, 
the rails of lower classification. will 
diminish, and that is an improvement we 
are trying to bring about. We believe 
very strongly that changes in manufac- 
ture can be made which will bring about 
decided improvement. and result in less 
rejection, such as the sink-head method 
combined with ingot casting with the 
large end up. 


EXHIBIT 4. 


KEYSTONE RAILROAD SYSTEM. 


Specification for carbon steel rails. 
(180 pound and 100 pound weights.) 


APPLIANCES OR ARTICLES. 

Scope. — 1. These specifications prescribe 
the chemical and physical properties intended 
for the material of the finished carbon steel 
rails manufactured according to the standard 
rail cross-section design of the Keystone Rail- 
road System, and the tests required for prov- 
ing their fulfilment. 


Material. — 2. The material shall be steel 
made by the basic Open-hearth process. 


CHEMICAL REQUIREMENTS. 


Chemical composition. — 3. (a) The chemical 
composition of the steel from which the rails 


the 
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are rolled shall be within the following limits: 


100 pound 
section. 


430 pound 


Elements. . 
section. 


Per cent. Per cent. 


0.62 to 0.75 | 0.68 to 0.87 


Not Not 
to exceed 0.04/to exceed 0.04 


0.60 to 0.90 | 0.60 to 0.90 


0.40 0.40 
ps es ie 


Carbon. 


Phosphorus . 


Manganese 


Silicon (minim.). 


(b) It is desired that the percentage of car- 
bon in an entire order of rail shall average 
as high as the mean percentage between the 
upper and lower limits specified. 

(c) In the event of nickel and chromium 
being present to the extent of approximately 
1.00 % and 0.35 % respectively, these ele- 
ments together will be considered as the equi- 
valent of 0.07 % of carbon in the above requi- 


rements. 


Analyses. — 4. In order to ascertain whether 
the chemical composition is in accordance with 
requirements, the manufacturer shall 
furnish the inspectors with analyses and in- 


formation in accordance with the following 
notes : 


(a) For each-melt of Open-hearth steel, 


ladle test ingots, one representing the steel 
going into the regular ingots cast from the 
first quarter, and the other the last quarter 
of each melt. The methods for making the 
analyses shall be those most recently adopted 
by the American Society for Testing Materials. 

(c) The ladle test ingots shall be ef such 
shape and size as will induce quick sound 
setting of the steel. 

(d) Drillings for analyses shall be taken 
not less than 1/8 inch beneath the surface of 
the test ingot. 

(e) The inspector may witness the manner 
of obtaining the drillings for analyses. 

(f) On the request of the inspector, the ma- 
nufacturer shall furnish a duplicate portion 
of the test ingot or drillings for check ana- 
lyses. 

(g) The complete analyses of each melt cast 
for rails shall be available for the inspector as 
promptly as possible, and he shall always be 
furnished with a copy of them before the rails 
are shipped. 

(h) For information only, the manufacturer 
shall furnish complete analyses of drillings 
taken from a point at the usual « O » position 
of the head of the drop-test-piece adjoining 
the top end of the « A » rail of the last 
full ingot rolled in each tenth heat. (The « O » 
location is in the upper quarter of the head 
near the ouside surfaces, and the « M » loca- 
tion at the junction of the head and web). 
(Fig. 9.) 


chemical analyses shall be made from test 
ingots taken during the pouring of the melt, 
of the elements carbon, phosphorus, manga- 
nese, silicon, sulphur, and the other principal 
elements, such as nickel and chromium, which 
affect the physical. properties of the steel. 

(6) The analyses shall be made from two 


PHYSICAL REQUIREMENTS, 


Mechanical strength and ductility, — 5. The 
finished rail, represented by the test speci- 
mens must pass the following tests success- 
fully : 


Rail Section 


(4) The non-fracture of the test specimen when 
struck one blow on the rail head with the base! in 
tension by the standard ep as irgelyf from a 
height of... 


ee eee eee eee 


for 4 inch » of 
or, for each of 2 consecutiv ve inches of. 


of one out of three test specimens of a melt. 


impact of falling tup as in a (a) for No. 4 rails of . 


Physical qualities. — 6. Test shall be made 
to determine : 


(a) Strength. 

(6) Ductility or toughness as opposed to 
brittleness. 

(c) Soundness. 


Kind of tests used. — 7. The physical qua- 
lities shall be determined by : 


(a) The « Drop Test » for strength and duc- 
tility. 

(b) The « Test to Destruction » for sound- 
ness. 


Methods of testing. — 8. (a) The « Drop 
Test » shall be made on the machine (1) adopt- 
ed as standard by the American Railway En- 
gineering Association, having : 

A tup weighing 2000 pounds and with a 
radius of striking face of 5 inches. 

An anvil block weighing 20000 pounds sup- 
ported on springs. ; 


Supports for the test pieces with a radius 
of bearing surfaces of 5 inches, made a part 
of and firmly secured to the anvil, and space 
between centres: 4 feet for 130-Ib. rail and 
3 feet for 100-Ib. rail. 


(b) The « Ductility » will be measured by 
the elongation after test between gauge marks 
on the longitudinal centre line of the tension- 


‘() Proceedings American Railway Engincers 
Association, vol. 10-1, 1909. 


(6) Under the impact of one or more blows of the 
falling tup as in (a), a minimum « Elongation 


A sufficient number of blows shall be given to deter- 
mine the complete elongation of the test specimens 


(c) A maximum «Permanent Set» under the 


Rail Section 


2 inches. 
(Moment 
of inertia = 41.9.) 


1-4/4 inches. 
(Moment 
of inertia = 72.8.) 


surface of the test specimens one inch apart 
for three inches each side of the centre of the 


test piece placed there before the test. 


(ec) In the « Test to Destruction », the test 
specimens shall be nicked and broken, for ex- 
amination, in order to disclose whether the 
metal be sound without interior defect as indi- 
cated by seams, laminations, cavities, inter- 
posed foreign matter, or a distinctly bright 
or fine grained structure, except when they 
are made visible by the drop test, the saws or 
the drills (Clause 10-B) (f). 


Test specimens. — 9. (a) The test pieces of 
rail for drop tests shall be at least two feet 
longer than the span between supports in the 
testing machine (Section 8), and shall be cut 
from the crop of the top rail of the ingot 
being tested. 

(b) Where it is necessary to test rails lower 
than the first rail, the bottom of the first 
rail in lieu of the top of the second rail, and 
the bottom of the second rail in lieu of the 
top of the third rail will be accepted, if pre- 
ferred by the manufacturer. 

(c) The ductibility will be measured on the 
drop test specimens, 

(d) Examination for interior defects will 
be made on drop test specimens and bolt holes 
and ends of finished rails. 

(e) It is desired that after passing the hot- 
saws, test specimens shall be handled as nearly 
as possible in the same manner as the rails. 

(f) Each test specimen shall be marked once 
with its heat, or melt number. 


eee ‘ one ibaa blows ) 


thes heads === - 
8) A test shally be consi 


tured, aie one TOE or “does not wae the 


desired elongation under one or more blows. 


(c) Should none of the three test. specimens: 
fail in the drop test, the entire melt will be 
deemed as having passed the test. (The spe- 


cimens will be set aside, or passed along, for ~ 


Destruction Test for special ee ee ae) 
(d) 1f any one of the test sp s of 

clause (c) fails, in the drop test, all the « A> » 

rails from that melt shall be rejected and the 

following test performed : : 

_ (e) The specimens representing the « B» rails 

of the same melt shall then be tested, and if 


none of the three test pieces fails, all the re- 


maining rails of the melt shall be deemed as 
having passed the test. (If, in the Destruc- 
tion Test of the « A » rails, interior defects 
were disclosed, the « B » rail specimens will 
be set aside, or passed along for Destruction 
Test for special classification.) 


(f) If any one of the test specimens of 


clause (e) fails in the drop test, all of the 


‘« B rails from that melt shall be polested: and 


the following test performed : 

(g) The specimens representing the « C » pails” 
of the same melt shall then be tested, and if 
none of the three test pieces fails, all the re- 


maining rails of the melt shall be deemed as 


having passed the test. (If, in the Destruc- 
tion Test of the « B » rails, interior defects 
were disclosed, the « 0 » rail specimens will’ 


be set aside, or passed along for. Destruction — 


Test for special classifications.) 


s 
* 


So 


J BASIS OF CLASSIFICATIO N 


No. 1 raile, - 21° No. it classification 
shall be free trom injurious defects of, 
kinds. 


No. 2 rails. — 12. Rails which vary from — 
the specifications in a manner not impairi 
their eS and soundness will be 


eee 


(a) Rails which a5 ‘not contair 
perfections in “such 1 


tor, render them un , 
uses... é ~ STS 
(b) Rails “arriving at the * 


than that. nantes 
4 inches i ‘in 1 33 feet f 


se — Ter 


ee, ii ie ee ee aa 


_ (ce) Rails represented by the test specimen 
which had a greater permanent set than stated 
in clause 5-(c). 


« X-rayls ». — 13. Rails which, under the 
drop test exhibit interior irregularites as de- 
seribed in clause 8-(¢) will be accepted as 
« X-rayls » for use in tracks bearing minor 
traffic. 


ACCURACY OF MANUFACTURE. 


Section. — 14, The section of rails shall 
conform as accurately as possible to the tem- 
plate furnished by the railroad company. A 
variation in height of 1/64 inch less or 
1/32 inch greater than the specified height, 
and 1/16 inch in width of base will be per- 
mitted; but no variation shall be allowed in 
the dimensions affecting the fit of the joint 
bars. 


Weight. — 15. The weight of the rails spe- 
cified in the order shall be maintained as 
nearly as possible, after complying with the 
preceding section. A variation of 0.5 % from 
the calculated weight of section, as applied to 
an entire order, will be allowed. 


Lengths. —.16. The standard length of rails 
shall be 33 feet, at temperature of 60° F. 
(15°6 C.). Ten per cent of the entire order 
will be accepted in shorter lengths varying by 
1 foot from 32 to 25 feet. A» variation of 
1/4 inch from the specified lengths will be 
allowed, except that for 15 % of the order 
this variation may be 3/8 inch. 


Drilling. — 17. Circular holes for joint bolts 
shall be drilled to conform to the drawings 
and dimensions furnished by the railroad 
company. A variation of 1/32 inch in size 
and location of bolt holes will be allowed, 


Fimshing. — 18.(a) All rails shall be smooth 
on the heads, have bases true, flat, and free 
from injurious guide marks and scratches, be 
straight in line and surface, and without any 
twists, waves or kinks. They shall be sawed 
square at the ends, a variation of not more 
than 1/32 inch being allowed, and burrs shall 
be carefully removed. 
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(6) Rails improperly drilled or straightened, 
or from which the burrs have not been remov- 
ed, shall be rejected, but may be accepted after 
being properly finished. 

(c) When any finished rail shows interior 


defects at either end or in a drilled hole it 


shall be cut back to sound metal within the 
acceptable length of rail. 


IDENTIFICATION OF RAILS. 


Branding, — 19. Brands or distinguishing 
marks, made so plain and sharp that they may 
be read as long as the rails are in service, 
shall be rolled or stamped into side of the 
web of each rail in accordance with the follow- 
ing requirements, and to indicate : 


(a) The name or initials of the « Manufac- 
turer » in raised letters. 
’ (b) The « Year » and « Month » of manu- 
facture in raised figures and marks. 

(c) The « Weight » per yard of the rail in 
raised figures. 

(d) The « Type » or « Section » marked by 
raised letters which signify the name by which 
it is known, as for example : 


Sections of Pennsylvania 

Railroad System ..... 12S) 
Sections of American So- 

ciety of Civil Engineers. A.S.C.E. 
Sections of American Rail- ( R.A.-A. 

way Association ..... R.A.-B. 
Sections of American Rail- 

way Engineering Associa- 

SLOT fli gigs rac Late RC Set R.E. 


(e) The kind of « Material », the letters, 
<O.H.» being used to designate « Open Hearth 
Steel ». 

(f) The number of the « Melt » stamped in 
the web where it will not be covered by the 
joint bars. 

(g) The letter indicating the « Position in 
the Ingot » from which the rail was rolled 
stamped in the web where it will not be cover- 
ed by the joint bars. The top rails shall be 
lettered « A », and the succeeding ones <« B >», 
« C », « D », ete., consecutively; but in case 
of a top discard of from 20 to 35 % the 
letter « A » will be omitted, the top rail be- 
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coming <« B ». If the top discard be greater 
than 35 % the letter « B » shall be omitted, 
the top rail becoming « C >. 


Special marking. — 20. (a) No. 1 rails less 
than 33 feet long shall have both ends painted 
green. (Section 16.) 

(ob) The No. 1 rails of a melt which contain 
the highest percentage of carbon (amounting 
approximately to 25 % of the total number 
of No. 1 rails) shalt be designated by the 
letters « H.C. » with white paint on the top 
surface of the head of the rail. 

(c) Rails accepted as No. 2 rails shall have 
the ends painted white and shall have 2 prick- 
punch marks on the side of the web near the 
melt number, so placed as not to be covered 
by the joint bars. (Section 12.) 

(d) Rails accepted as « X-rails » shall have 
the ends painted blue and shall have 4 prick- 
punch marks on the side of the web near the 
melt number, so placed as not to be covered hy 
the joint bars. (Section 13.) 


Classes separated. — 21. All classes of rails 
shall be kept separate from each other. 


Loading. — 22. Rails shall be carefully 
handled in such manner as to avoid injuring 
them, and shall be loaded in cars as follows : 


(a) No. 1 rails of each melt shall be kept 
together whenever possible. The « High Car- 
bon » rails shall be loaded in separate cars 
also. : 

(b) No. 2 rails and <« A » rails of all melts 
promiscuously shall be loaded in separate cars 
by themselves. 

(c) « X-rails » shall be loaded in cars by 
themselves. 


MILL PRACTICE. 


Quality of manufacture, — 23. The entire 
process of manufacture shall be in accordance 
with the best’ current state of the art. 


Ladle additions. — 24. Additions to the ladle 
shall be made in liquid form so far as practic- 
able. If necessary, to make cold additions 
they shall be crushed to pass an inch and half 
screen, 


Deoxidation. — 25. The steel must be well 
deoxidized inthe furnace or~-ladle and the 
waste products eliminated before the ingots — 
are teemed, and thus prevent minute portions 
of the deoxidation products from becoming 
entrained in the setting metal. Time is re- 
quired for the deoxidation products and im- 
purities to rise after the steel is tapped in 
the ladle. 


Spattering. — 26. Spattering the interior 
sides of the molds in pricking the melts and 
teeming the ingots must be avoided as much 
as possible. 


Sound ingots. — 27 (a) The casting of good, 
clean quiet setting, sound ingots, free from 
scales and cracks,-and with reasonable flat 
tops without spraying with water is required. 

(b) Ingots shall be kept in a vertical posi- 
tion on the ingot cars and in the soaking pits, 
and shall be treated in the soaking pits so 
as to insure thorough soaking with the subse- 
quent increase of temperature necessary. 

(c) Bled ingots, from..the centre of which 
liquid steel has been permitted to escape, shall 
not be rolled. 

(d) Overheated, or burned, or white sided 
ingots shall not be rolled. 

(e) Ingots which have been -allowed to he- 
come cold shall be re-heated in such a manner 
as to avoid injury to the rails subsequently 
rolled from them. 


Discard. — 28, Sufficient discard shall be 
taken from the ingot to ensure freedom from 
injurious segregation and pipe and to secure 
sound rails. . ; 


Cooling. — 29. The bars shall not be held 
for the purpose of reducing their temperature, 
nor shall any artificial means of cooling them 
be used after they leave the finishing pass. 


Hot-Bed Work and Straightening. — 
30. (a) Care must be taken in cambering the 
rails and with the hot-bed work, so that rails 
will cool with a small-but uniform sweep, and 
thereby gagging under the presses will be re- 
duced to a minium. 

(b) Rails while on the cooling beds shall be — 


| 


protected from snow, water and excessive gusts 
of wind. 

(ce) The supports for rails in the straighten- 
ing presses shall have flat surfaces and be 
free from hollow places, bends or crooks, and 
shall be spaced not less than 60 inches. 

(d) Rails heard to snap while being straigh- 
tened shall be at once rejected. 


ACCEPTANCE REQUIREMENTS. 


Acceptance, — 31. In order to be accepted 
the rails ordered must fulfil all the require- 
ments of the « Specifications ». If they do 
not do so, they will be rejected. 

No. 2 rails to the extent of 5 % of the 
whole order will be received. 


Payment. — 32. Rail accepted will be paid 
for according to actual weights. 


Place for tests. — 33. All tests and inspec- 
tion shall be made at the place of manufacture 
prior to shipment, except that check tests may 
be made at any other place selected by the 
purchaser without holding the manufactured 
articles at the mill awaiting the results of the 
ekeck tests, and shall be so conducted as not 
to interfere unnecessarily with the operation 
of the mill. 


Access to work. — 34. Inspectors. represent- 
ing the purchaser shall have- free entry to 
the works of the manufacturer at all times 
while the contract is being executed, and skall 
have all reasonable facilities afforded them hy 
the manufacturer to satisfy them that the 
rails have been made and loaded in accordance 
with the terms of the specifications. 


Approved ; 
Ohief Engineer. 


_ Correct : 
Engineer of Standards, 


The questionnaire asks if certain quite 
local defects may not be due to objec- 
tionable treatment in manufacture (such 
as rails insufficiently protected against 


rain and snow while cooling, rails sub- 


jected to an undue amount of cold 
straightening, etc.), and it will. be notic- 
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ed that they have been guarded against 
in the specifications and have been a 
part of American specifications for many 
years. They answer the other questions 
as well in regard to prohibition of cer- 
tain practices in manufacture. 


It is the general opinion that rails 
should be manufactured under well de- 
fined specifications of the railroad com- 
panies, and under the observation of 
competent inspectors, as it would be a 
difficult matter to settle upon the actual 
cause of a rail failure. The rail is made 
to undergo service of varying conditions, 
and it would be a question of great de- 
licacy in many cases to decide whether 
it had been punished too severely by 
meager maintenance, or whether the 
accident brought about by a broken rail 
should be attributed to a defect in the 
metal. 

At one period of manufacture, it was 
customary for the manufacturer to 
guarantee his product for five years to 
the extent of replacement of the rail 
which failed, unless it was indicated by 
examination that it had no apparent de- 
fect and complied with the terms of the 
specifications, but this guaranty has long 
since been withdrawn on account of the 
rapidly increasing weights of rolling 
stock. The manufacturer never did 
share in the responsibility for a wreck 
due to a defective rail. 

One respondent would like to have the 
guaranty restored, another would like to 
have the manufacturer held. partly ac- 
countable for costs in connection with 
failure due to manufacture and a third 
considered that the specifications should 
fix the responsibility for an accident on 
the manufacturer when the failure of a 
rail was due to defect of the metal, pro- 
vided the manufacturer did not take full 
precautions to avoid the defect. 
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CONCLUSIONS. 


1. The sectional designs or profiles 
of rails have passed through several 
stages, embodying 1° on the one hand 
heavy and moderately wide heads and 
thin bases with rather low stiffness, and 
2° on the other very thin and wide heads 
and also the ‘extremely thin bases with 
maximum stiffness, to the compromise 
types of American Railway Engineering 
Association, characterized by a well 
balanced section with wide and moder- 
ately thick head and much heavier base 
with a high degree of stiffness, rather 
favoring the second. type above. 


2. The density of traffic has increas- 
ed so mightily, and the concentrated 
weights of rolling stock have become so 
large, that the intensity of pressure upon 
the bearing surface of the rail-head and 
the tensile stresses inducing strains of 
rupture in the interior of the head of 


B. — Rail joints. 


« Most economical and efficient arrangement. » 


1. — Types of joints. 


Types ‘of joints. 


1. — The angle-bar type of Rail joint 
may be said to be used universally on 
the North American continent, there 
being only one known railroad using a 
plain flat fish-plate as its standard, 
illustrated with the drawings, the Dela- 
ware, Lackawana & Western - Railroad, 
which adopted it only about two years 
ago. 

The shape of the angle-bar is of many 
different forms, brought about by the 


the rail have imposed conditions of ser- 
vice which are difficult for rails of 
Open-hearth carbon steel to withstand, 
especially as, 


3. There are processes of rail manu- 
facture at the mills imposing thermal 
conditions, resulting in some melts hav- 
ing minute shattering cracks in the in- 
terior of the rail-head, which are enlarg- 
ed to final rupture of the rail in service 
when the character of that service is very 
severe. 


4, Rail designs or profiles having been 
well proportioned physically and metal- 
lurgically, and specifications having 
been brought to the degree of improve- 
ment in the art considered practicable, 
the railroad companies with severe ser- 
vice conditions are upon the threshold 
of additional research into the materials 
and methods of rail manufacture which 
will satisfy the new demands. . 


necessity for increased strength with in- 
creased severity of service conditions, re- 
sulting in the enlarged top flange which 
ihe increased size of the rail-head made 
possible. It is absent from the joints 
for small rail sections on account of 
wheel- -flange interference. 

“In some cases the base has been en- 
larged as well by the depending flanges 
between ties of the M. W. Thomson. (*) 


(1) Principal assistant engineer of Shi gis > 
Railroad over 30 years ago. 
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100 % joint, culminating in the so-called 
« Continuous Joint », with the flange bent 
flat under the base of the rail and ex- 
tending its bearing over the cross-tie 
support, so as to grasp the base of the 
rail firmly. A few of the principal and 
heaviest types of joints are illustrated 
by figures 24 to 29. 

The. plain type of angle-bar for 
105-pound rail is shown in the drawing 
of the three-tie centre-supported joint of 
the New York Central Lines (fig. 24), 
the only system on the continent using 
it, so far as known to the Reporter. It 
has proved to be an admirable type of 
joint under a heavy traffic. 

The heaviest type of joint is the « Con- 
tinuous » for the 136-pound rail of the 
Lehigh Valley Railroad (fig. 25), the 
heaviest weight of rail in use, except for 
special street locations. 


The heavy angle-bar types of joints 


for 130-pound R. E. and 100-pound 


R. A.-A rails known as 100 % joints 
of the Rail Joint Company, as used by 
the Baltimore & Ohio Railroad Company, 
are shown by the figures 26 and 27. 

The heavy angle-bar type for 130-pound 
P. S. rail of the Pennsylvania Railroad 
System is depicted by the plan, figure 28. 

These are all unusually heavy and 
strong joints, and many similar ones are 
in use by a large number of administra- 
tions. These have only been selected as 
illustrating the different designs. 

A joint which is entirely different has 
been introduced into use on the Dela- 
ware, Lackawanna & Western Railroad 
within the last two years, and is includ- 
ed with the illustrations (fig? 29). It 
consists of a pair of fish-plates support- 


ed on a channel plate extending over two ~ 


ties but not fastened to the plate. The 
reason for the design will be discussed 
later on. 


Length of rails. 


2. — The standard length of rails on 
the North American Continent is 33 feet, 
and is universally used by the railroads, 
except that-consideration has been given 
intermittently to the introduction of 
longer lengths, and restrictedamounts 
of rails 39 feet, 60 feet and 66 feet have 
been laid in the tracks at different per- 
iods. 

It is customary to include in the an- 
nual rail contract a limited amount of 
60 feet rails for special uses, as, laying 
through highway crossings in order to 
omit the joint, over bridges and through 
City streets. Twenty-five to thirty years 
ago, many tons of 60 feet rails were laid 
in the tracks of some of the principal 
railroad systems in order to give them a 
thorough trial, and some of these rails 
are yet in service, 20 to 25 years old. 
That length, however, was not regarded 
with sufficient favor to have been adopt- 
ed as standard, although it must be ad- 
mitted that the arrangements for anchor- 
ing them in order to prevent creeping 
were not as adequate as they might have 
been, and the uniform expansion gap 
was destroyed by crowding together of 
some of the rails. As such gaps were 
large, the rail ends became battered. 
Besides, an extra price of $5.00 per ton 
is charged by the manufacturers for 
such lengths. 

In 1914, the Rail Committee of the 
American Railway Engineering Associa- 
tion considered the subject and recom- 
mended that its members have a consider- 
able quantity of rails 39 feet and 45 feet 
long rolled in order to gain additional 
service information. The war interfered 
with the programme, but, nevertheless, 
several railroads have obtained and laid 
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in the tracks several tons of 39 feet rails, 
as follows : 


Pere; Marquette oc. 0.0... 6 938 tons. 
Illinois Central Railroad... 4150 — 
Missouri Pacific Railroad... 8853 tons. 
Chicago, Burlington & Quincy 
Rael adiec Greist wu cig odes 16552 — 
Atchison, Topeka et Sante Fe : 
ailwayeeetem-ericnen ss. +s Unknown. 


Orders for this length are no longer 
being placed, because the manufacturers 
have set a price upon them of $2.50 per 
ton extra, whereas they had been obtain- 
ed previously without extra cost (*). 

This length of 39 feet was selected be- 
cause there is now a considerable per- 
centage of rolling stock sufficiently long 
to enable them to be loaded in single 
cars. , 

For the last two years, however, the 
Committee previously named has beer 
studying the subject once more from all 
points of view in order to reach a con- 
clusion upon the maximum length which 
may be considered practicable, because 
it is realized that the extra charge will 


in all probability not be eliminated ex- 
cept by the establishment of a standard 
to which all principal railroads will 
adhere, as considerable expense will be 
necessary to rearrange the plants. An 
extra charge cancels the greater part of 
the economy to be gained by the elimina- 
tion of joints. 

The advantage claimed for longer rail 
is fewer joints, resulting in a saving of 
joint material, labor applying and main- 
taining, and a better riding track. The 
objections to increasing the length of rail 
are increased space required at joints for 
expansion causing a greater batter at 
rail ends, increased number of rail an- 
chors, increased cost of transporting and 
handling rail, and increased cost of rail 
due to changes necessary in present steel- 
mill operations. 

The following table shows the number 
of joints per mile of track for various 
lengths of rail and the reduction in the 
number of joints as compared with 
33 foot rail lengths. 


TABLE 9. 


33 feet. | 39 feet. | 45 feet. | 50 feet. 


Number of joints per mile of track . 


Reduction in number of joints compared 
with 33 foot rail cae 


Per cent of reduction compared with 33 foot 
rail. 5 CRS Be eee 


A reduction in the number of joints 
is desirable. The joint being the weakest 
part of the track structure is the hardest 
to maintain. A study made several years 
ago on the western portion of the Penn- 
sylvania Railroad System showed that at 


(4) Extra price discontinued in 1924, and large 
orders placed for rails 39 feet long. 


Length of rail 


234.6 176 


85.4 144 


27] 


least one-half of all the surfacing done 
on track was at joints. Fewer joints will 
add to the riding qualities of the track. 
Signal circuits will be easier to maintain 
as less bonding will be required. 
Increasing the length of rail will in- 
crease the required expansion opening. 
Wider space between rail ends produces 


pics 2 
Ae 
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*. Fig. 29 (part) me os Delaware: haverwanbe & Weskabo, Railroad. - — - 405 lb. 


- 


a greater blow at the joint and increases — 

Pi the batter at the rail ends, the wear ine 
: the contact surfaces of the joint, and the 

stretch in the bolts. Should not suffi- 
cient space be provided, the force of ex- Fahrenheit, fon various ene 0: 
pansion will tend to kink the joints out pcs that at we) py oe 
of alignment, as was the experience with 
60-foot rail tried several years ago. in the raises bi i ied 


‘ TasLe 410. el Fag 4 Oe a 


Degree 


Fahrenheit. 33 feet. 39 feet. 


a 250 ea Gage. 3/8 inch, — 
0 aie fe 5G — an 
250 3/16. — ‘a> 
50° 1/85 Tax iy ame ia | oop 
760) ye eee oe 4/16 -— . 


0 0 
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Elevation. 
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- 


Note : Dotted lines show the method of taking care of creeping rails and change in joint 
location ou account of relaying rail. 


Fig. 29 (part 2). — Delaware, Lackawanna & Western Railroad. — 105 lb Neafie rail joint. 


The table shows for an extreme range 
of temperature of 125°, 1/16 inch more 
expansion space required for each six feet 
of additional length of rail. The spacing 
will not materially affects joints for a 
39-foot or a 45-foot rail, but for a 60-foot 
rail the spacing is too much. 

As the rail is anchored to the ties at 
each joint by spikes through the joint- 


bar slots, reducing the number of joints 
will decrease the anchorage to the ties, 
and additional rail-anchors will be re- 
quired. On grades of heavy traffie Divi- 
sions, six rail-anchors are now being 
used to a 30-foot rail-length. If the 
length of rail be increased the number 
of anchors will likely be increased as 
follows : 


TaBLe 11, 


Batt dength.: per rail length. 


Number of anchors, 


Number of additional 
anchors required. 


Number of anchors, 
per mile of track. 


162 
“186 


Increasing the length of rail will in- 
crease the weight of rail-length and will 
add to the difficulties of handling. The 


following shows the weights of the vari- 
ous lengths of 100-pound and 130-pound 
rail and the increase in weight : 


TaBLe 12 


TT 


Length of rail. 
Weight 
of one rail 


4 100 lb. 
4 300 — 
1500 — 
2 000 — 


100-lb. per yard. 


130-lb. per yard. 


Increase in weight 


Weight 
over 33-foot rail. 


of one rail. 


Increase in weight 
over 33 foot rail. 


— 1 480 lb. 
200 lb. 1 690 — 
400 — 4 950 — 
900 — 2 600 — 


250 lb. 
520 — 
414170 — 


Rail is usually handled by mechanical 
appliances except in replacement of de- 
fective rail. Most of our rail-loading 
machines can handle 60-foot rails and 
the cost of handling by. machines will 
be increased but little. In replacing a 
33-foot 130-pound defective rail, eight 
men are usually required, and, as our 
track gangs in winter are limited to four 
or five men, it now requires two gangs 
to replace a rail. A 39-foot rail is about 
the limit that can be handled even by 


two such gangs. For 45-foot rails, it 
would be necessary to maintain larger 
gangs. 

The present standard length, 33 feet, 
was determined largely by the lengths of 
cars available for transporting rail. 
Since this length was adopted longer cars 
have become more common. From an 
analysis of the Equipment Register for 
December 1922, gondola cars owned by 
the Pennsylvania Railroad System ay 
be classified as follows : 


TaBie 43. 


39 ft. 6 in. to less than 45 ft. 6 in. 
Ad ft..6.in,-or préater a. bebe. omnee eae 


Inside length of car. Number of gondola cars. |Percentageof totalnumbers 
of gondola cars. 


. 


1 754 2.4 lo 
43 434 59.0 7/9 
23 894 32.5 °/5 

4 524 6.4 %/o 

400.0 Jo 


39 % of our gondola equipment will 
handle rails 39 feet in length without 
using two cars, but only 6 % will handle 
45-foot rails in single loads. Shipping 
rail in double loads is objectionable, as 
more cars are required. The cost of the 
extra car, although not reflected in addi- 


tional charges to rail adds to the operat- 
ing expense. Assuming that the extra 
car, with an operating cost of $7.00 per 
day, will be required fifteen days in 
transporting 50 tons of rail, the addi- 
tional cost will be $2.10 per ton of rail 
for 45-foot and 60-foot lengths. 


The steel mills are designed for rol- 
ling 33-foot rails, and any increase in 
length will require remodelling the mills. 
The Carnegie Steel Company estimates 
the cost-of remodelling the Edgar Thomp- 
son mills for rolling 39-foot rail at 
1 million dollars. Rolling rails longer 
than 33 feet in the mills as now designed 
decreases the tonnage production and 
adds to the operating costs of the mill. 
The Steel Companies ask a premium of 
$5.00 per ton for rail rolled 60 feet long 
and longer. If a longer length should 
become generally used this additional 
charge will likely be lowered or omitted. 
Longer rails will require less sawing and 
drilling, ‘but there will be a reduction in 


cut-put on account of a larger tonnage 


being refused due to surface imperfec- 
tions. 

The table 14 is an estimated differ- 
ence in cost of using longer rail length 
for 1 mile of track 130-pound rail as 
compared with using 33-foot rail lengths. 

As long as the Steel Companies insist 
on an extra charge of $5.00 per ton, the 
use of rail longer than 33 feet is not 
economical. Disregarding the extra 
charge, a small saving may be made, the 
larger saving being for the longer rail. 
Sixty-foot rail requires too much expan- 
sion space and is too heavy to be con- 
yeniently handled. Fourty-five foot rail 
is also too heavy for our present track 
gangs, the expansion space required 
is not excessive but an extra car 
is required for transporting and the 
benefits to be derived from the use of 
45-foot rail do not warrant the expense 
of the extra car. Rail 39 feet in length 
can be handled by our present methods. 
The number of cars on which 39-foot 
rail can be loaded is now of sufficient 
proportion to normally secure an ample 
ear supply for transporting in single 
loads. The increased space required for 
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expansion is so small as to be immaterial. 

The two lengths most favored at pre- 
sent are either 39 feet or 45 feet, but the 
question has not yet been placed ‘before 
the American Railway Engineering Asso- 
ciation for decision; it is yet in Com- 
mittee. The preponderance of opinion 
of those answering the questionnaire is 
in favor of 39 feet, but nearly as many 
recommend the present length of 33 feet. 
Only a few have spoken in favor of 
45 feet, or 66 feet (+). 


Staggered joints. 


3. — It is the universal practice of 
North American railways to lay tracks 
with alternating joints, and they have 
never looked with favor upon tracks laid 
with joints opposite one another. The 
Grand Trunk Railway was built with 
even joints, as in English practice, and 
was maintained in that way for many 
years, up to 1897, since which time all 
rail has been laid with broken or stag- 
gered joints. It is now a part of the 
Canadian National Railways. 

It is believed in this country that 
alternating joints provide stronger and 
better riding track at less expense. On 
curves, joints directly opposite one 
another favor kinks in the line. 


Relationship of joint with ties. 


4, — There are three plans of arran- 
gement of the joints with reference to 
the joint ties in use : 


(a) Suspended, 
(b) Supported, 
(c) Hit or miss. 


(!) Very recently the Southern Pacific Company 
(April, 1924), purchased 131 245 tons of rail of 
410-pound R.H. section, all in 39 feet lengths, with 
the usual allowance of 10°/. of shorts, down to 
24 feet. 


| Joint material... 


|) 4 hole L2 joints... 


Applying aren 


Including bonding .. . . 
‘Bonding 3 /sta! «te 


|| 39 foot rail 49.2 less... 
45 foot rail 85.4 less . . 
| 60 foot rail 144 less... . 


"Rail anchors Material . . 
sO aire || 39 foot rail 246 more... 
. | 45 foot rail 426 more. . . 


ene dF eo egen 0) 


Applying. : by u 1 
STolalaae BAK 


i | 60 foot rail 544 more... 


|| Additional cost of rail: | 


Tatale oak ean ae 


> Se Net difference. . . | _ et 


oF F | Difference omitting pre- 
Ne , mium charge of $5.00 | 
per ton forrail..... 


~ 


~-|| Difference omitting premium charge but including cost 


of additional car for Wansporuney 45 foot and 60 foot 


rail : ay 10 per ton . 


CMe COME GO Wet Opty GO. Geer a 


Savings in maintenance at $0.75 per joint per year for | 


wiudie. he eiatixe 


an average life of rail of iia YEALS) 7. pass 


Total savings for eight years. including first cost but 


= omitting the premium charge for longer rail 


Labor handling. .... . feta es Ua s ~ 5 & 


S500 pertonn «isle » ti aaa 3 ‘s 


The first is the. plan generally in use, 
because, it is argued, it distributes the | 
load over a larger area. This is un- 
doubtedly the case, if the alternate 
meant by « supported joint » is on one tie 

~ which would be necessary with a short 
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cently lengthened to 38 inches (fig. 24), 
extending symmetrically over 3. ies 
with the rail ends upon the center tie, 
thus affording a greater bearing area, 
being on 3 ties; than is the case with 
the joint suspended on 2 ties. That Sys- 
tem claims further that it « cuts down 
deflection and prevents cutting out of 
the rail at the receiving end ». 

The third, or « hit or miss » plan, 
‘has been used by some companies dur- 
ing the Jast ten years upon the claim 
of greater economy in track maintenance, 
while keeping it at the same time in 


prime condition for fast and heavy traf-- 


fic. The rail is laid without any attempt 
at adjustment of the joint ties to fit the 
position of the joint, which may by 
chance come as a suspended or a sup- 
ported joint, or may take any position 
that is intermediate with them. The 
economy is claimed by reason of not 
having to replace the ties when the rail 
is laid new, and, consequently, should 
come only once in the life-time. of the 
rail, which may be from five years, under 
very heavy traffic, to twenty-five years, 
under light traffic, making the claim for 
economy not particularly well supported 
in many cases. No specific comparative 
records of cost have heen furnished by 
any one. 

It has been well set forth by many that 
the saving claimed is apt to be more theo- 
retical than actual, especially when the 
materials are all shipped before hand so 
that: the work can be carried on sys- 
tematically and in order, 7. é., laving a 
‘moderate amount of rail, spacing the 
ties, making the usual renewals at the 
same time, giving the track a slight lift, 
lining and surfacing it and filling it in 
with fresh ballast; the work resulting in 
economically prepared track of good, 
ship-shape appearence, with the joints 
properly set with reference to the ties. 


The requirement that ties shall always 
be spaced so as to obtain uniformity, 
either with suspended or supported 
joints, insures the rehabilitation of the 
track following the laying of the new 
rail. The absence of such requirement 
encourages the neglect of this work 
which is so necessary to good mainten- 
ance. It may result in inferior track 
maintenance and lack of precision and 
workmanlike appearence in the track 
structure. 

Tt is when the materials are not on 
hand at the proper time that some of the 
work must be done over, resulting in in- 
creased cost and destruction of rail and 
ties by lack of the necessary work at the 
right time. ; 

There is a very large mileage where 
the traffic is moderate and the rail lasts 
all the way from eight to twenty years 
before re-laying is necessary, and, con- 
sequently, after the track has been well 
put up with properly spaced joints, the 
necessity for re-laying rail does not come 
for many years. A possible saving’ in 
such cases is much reduced. 

There are other lines where the traffic 
is extremely heavy and the topography 
bad, so that frequent rail renewals are re- 
quired, and in these cases there might 
be opportunity for saving in rail laying 
and track maintenance which may be 
considerably offset by the appearance, 
and the amount of which .will be ex- 
ceedingly difficult to prove, provided the 
materials are assembled early and in 
proper order for the work. 

In answer to the last part of this 
question, unsymmetrical spacing of the 
joints to the sleepers, no objection could 
be raised by the advocates of non-ad- 
justment of joint ties to fit the joint, but 
the general practice of such adjustment 
for a suspended joint does not favor the 
suggestion. 
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This subject is really continued in the 
next query. 


Anchoring joints. 


5. — This review is closely related to 
the previous one, and is a continuation 
of it: The problem is of dual nature, 
some considering one part of the most 
importance, and others the second part. 
These two separate and distinct questions 
are : 

(2) The question of non-slot-spiking 
the joint to the ties so as to relieve the 
joint ties of the stress due to creeping 
rail; 


(b) The question whether it is better - 


practice to have a joint adjusted to the 
ties, which may or may not be spiked, 
cr to adopt the « hit or miss » idea of 
letting the joint come where it may, in 
which case spiking is necessarily omitted. 


The question .of spiking or non-spik- 
ing, (a), stands by itself, for it is agreed 
to by everyone that if non-spiking in 
slots is practiced, it will be necessary to 
replace their resisting reaction against 
creeping of the rail by the use of a suf- 
ficient number of rail anchors. 


But, it has been the wish of mainten- 
ance men for a long while to equip. the 
track with a sufficient number of rail 
anchors to prevent creeping. If they 
are allowed, by the managing officers 
to do this under a plan of non-spik- 
ing in slots, then there is no good 
reason why the same plan cannot be 
carried out with slot-spiking, and with 
precisely the same effect, for if there is 
the requisite number of anchors in each 
case there will’ be no undue stress and 
movement at the joint under either prac- 
tice. 


Consequently, the question of non- 


slot-spiking the joint in order to relieve 


bee 


it from the duty of holding the rail ~ 
against creeping falls to the ground. It 
can be relieved by the use of rail anchors 
under either plan of maintenance. Many 
of the engineers replying consider that 
it is important to keep the ties adjusted 
to the joint, but have not made it clear 
that this-can be done without the neces- 
sity of non-slot-spiking the bars. In- 
deed, the relationship is best and most 
accurately preserved by this spiking. 

Those who consider the practice of 
relieving the joint ties from the stress 
due to rail creeping as predominant and 
desirable do not have to let the question 
of slot-spiking or non-slot-spiking enter 
into consideration, for the use! of an 
adequate number of rail anchors will 
satisfy the condition. 

If, however, the position of the joint 
with reference to the ties is regarded as 
immaterial, then question (a) becomes 
unimportant, for slot-spiking must be 
abandoned. 

Those who consider (a) as the most 
important have no use for consideration 
of (b), while those who consider (b) as 
predominant must ignore the slot-spik- 
ing of (a) but must use the requisite 
number of rail anchors. 

Many, it will be observed, do not wish 
to give up (a), but desire additional data 
relative to the prospective economy in the 
use of practice (b), the « hit or miss » 
method of laying rail. 

No one seems to have any accurate 
cost data concerning the practice of non- 
adjustment of the ties to the joints, — 
though several estimates, differing widely 
have been made. These are due to the 
different conditions under which dif- 
ferent estimators assume that the work 
will be done. 

It is assumed by some that there will 
be a large saving in labor cost in con- 
nection with laying rail, but if all mater- 
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ials are assembled beforehand for the 
Spring work as they should be, and if 
the work of rail laying, renewal of ties, 
spacing the ties evenly in connection 
with surfacing and ballast renewals 


' when heavy, and lining, with ballast 


renewals to dress up when light, be done 
in sequence and in an orderly manner, 
it will be pretty difficult to tell how 
much of the cost belongs to the adjust- 
ment of joint ties to the joints. This say- 
ing, if any, may or may not be offset by 
the cost of extra appliances, as rail 
anchors, according to the view taken. If 
a sufficient number of rail anchors is 
used to prevent the rail from creeping, 
without assistance from the joint in any 
case, as many believe is the correct plan, 
then there may be no additional cost on 


- that account. 


Nevertheless, it is the general opinion 
of railway engineers that by spiking the 
joint to the ties additional work is im- 


posed upon the weak place in the track, 


forgetting that. a fixed position of the 
rail prevents such stress, the fixed posi- 
tion being obtained by the use of the 
same number of rail anchors as may be 
necessary under the plan of non-spiking 
at the joints. The practice does not cor- 
respond with the views of many, but the 
new joint of the Delaware, Lackawanna 
& Western Railroad, figure 29, previous- 
ly referred to, was designed in accor- 
dance with the principle of relieving the 


_joint of « extra work », as it is expressed. 


Keyed joints. 


6. -— Thirty-five years ago, the frogs 
which had been extensively constructed 
with wedges or keys instead of bolts had 
ceased to give satisfaction in service, and 
were being replaced with the bolted type 
as rapidly as possible. The reasons 


which led to the abolition of the keyed 
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frog hold good for the keyed rail joints, 
and with still greater force today than 
at that time, for the load imposed upon 


_ the clamp portion is now so much greater 


that it is difficult to make the clamps 
sufficiently strong to resist it. The same 
dissatisfaction has arisen with the 
clamps used for fastening guard rails to 
the traffic rail, which, in spite of their 
enormous size at the present time, to- 
gether with heat-treatment of the mater- 
ial, are no longer able to hold the guard 
rail in place effectively. Hence they, 
too, are being abandoned for the one- 
piece manganese guard rails. 

We do not, therefore, consider that a 
keyed rail joint would be satisfactory in 
spite of the advantage to be derived by 
the omission of the holes in the rail ends, 
thereby lessening the risk of breakage 
owing to such holes. 


Wheel-carrying joints. 


7. — Quite extensive trials of the 
Barschall rail joint were made twenty- 
seven years ago by the Pennsylvania 
Railroad System with unfavorable re- 
sults. The outside bar was extended ver- 
tically upward to the surface level of the 
rail, with the object of assisting to carry 
the wheel over the rail expansion gap, 
but the design was not considered satis- 
factory for these reasons : 


(a) All wheel-treads are not worn 
alike, and some will take bearing on the 
supporting bar while others will not; 

(b) In the case of wheel-treads quite 
considerably worn, the bearing on the 
outside bar was such as to lift the wheel 
slightly from its bearing on the rail, 
causing « jumping »; 

(c) It is believed that unsymmetrical 
bars lead to twisting of the joint, thereby 


causing difficulty in maintaining good 


rail line; 
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(d) There was always apprehension by 
the Operating officers that some unusually 
careless laborer might reverse the bars 
when applying them, and derail a train 
with the tall bar on the gauge side of the 
rail. 


Lapped or rebated rail-ends. 


8. — Practically the only kind of 
lapped rail-ends tried in this country was 
obtained by mitering the ends to an 
angle of 45°. Such rails were tried quite 
extensively twenty-nine years ago, but 
were considered unsatisfactory for two 
reasons principally : 


(a) When not held rigidly from creep- 
ing, the expansion gap became either too 
wide or too close, in the first case allow- 
ing the pointed rail ends to become bat- 
tered down from lack of effective sup- 
port, and 

(b) In the second, forcing the rail ends 
apart by further creeping which left a 
dangerous lip when on the outside rail 
of a curve, with the lip on the gauge side 
toward the traffic. Sometimes rails 
were crowded up together in this way 
with such force as to wedge off the bolts. 


Fishing angle. 


9. — The angle of inclination of the 
fishing surfaces adopted by the Amer- 
ican Railway Engineering Association is 
44° or 4. 4: 

Too small an angle favors short life 
_ of the joint bars, because, as they be- 
come abraded in service they are pulled 
in by the bolts until they are against the 


web of the rail, in which position they 


have ceased to be effective. 

If the angle be too large, great. stress 
is put upon the bolts, causing them to 
stretch or be ruptured. 


An angle of 18°, or 1 : 3.08, has been 
used in the design of 130-pound P. S. 
rail, and 13°, or 1: 4.33, for the A. S. 
C. E. sections and the special designs 
of several other railroads. 

The Bangor & Aroostook Railroad has 
an angle of 24° 54’, or 1: 2.15, which 
is quite unusual. 


Length of joint-bars. 


10. — The early joint bars were short 
and with four bolts, but in the eighteen 
hundred and nineties were largely re- 
placed by longer bars with six holes. 
During the first ten years of the new 
century, the short four-hole joint, with 
heavier bolts, began to regain favor, and 
may now be considered as the standard 
type of the United States and Canada, 
although the six-hole joint bars are still 
the standard of some companies. 

The four-hole bars are from 24 to 
27 inches long, the longer length being 
preferable, as the 24 inch bar requires 
the joint ties to be too close together for 
good tamping in order to be seated 
rightly upon them. 

The six-hole bars are from 25 to 
28 inches long for joints suspended on 
two ties, and 38 inches long for the 
three-tie centre-supported joint of the 
New York Central Lines, the only sys- 
tem making use of that type (fig. 24). 
The latter were 36 inches long up to the 
present year, allowing a space of only 
5 inches for tamping between the joint 
ties. 


Planing rail surfaces. 


11. — With the slight variations in 
heights of rail, it has never been deemed 
necessary to plane off the rolling surface 
of rails in order to have them precisely 
at the same level. 
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Joint-plate wear. 


12. — When, owing to wear of the 
contact surfaces, fish-plates no longer 
retain a good hold of the joint, it has 
been the practice to replace them with 
new joints, provided they have not last- 
ed as long as the life of the rail, which 
is usually the case with rail lasting from 
five to eight years, but may or may not 
be so with the rail lasting considerably 
longer. In the latter case, where the 
traffic is rather heavy, there may be a 
second set of joint bars put on during 
the life of the rail. 

It has never been customary : 

(a) To use fish-plates with increased 
height (to compensate for the wear of 
the fishing surfaces of the rail ends); 

(b) To place narrow metal strips of 
suitable shape between the fishing sur- 
faces of rails and plates to stop the ex- 
isting play; 

(c) To displace eccentrically in a trail- 
ing or facing direction the two fish- 
plates of the joint which, with this ob- 
ject, are made with six-holes instead of 
four, although only four of the holes are 
utilized for bolts at the same time. 


To a considerable extent, joint bars 
are reclaimed by re-forging so as to res- 
tore their dimensions between the fish- 
ing surfaces. This practice is not econo- 
mical unless there is a reasonably con- 
stant supply of such bars in order to 
provide regularity of work, unless it can 
be varied by repair work of other kinds. 
Making dies for a large miscellaneous 
assortment of bars is costly. 


Insulated joint. 


13. — The types of insulated joints 
used almost universally in North Amer- 
ica are the: 


Continuous, figure 30; 


Weber, figure 31; 
Keystone, figure 32. 


The above are patented devices, but-in 
some cases the ordinary non-patented 
angle bars planed away to provide space 
for the insulating fibre are used. 


Il. — Freedom for expansion of rails. 


Bolt-hole allowances. 


1. — (a) The practice in allowing for 
a maximum calculated gap between the 
ends of rails, 33 feet long, to provide 
for expansion, leaving out of account 
tolerances and variations in the manu- 
facture, is not uniform, but may be con- 
sidered to be in general about 3/16 inch, 
although it is as small as 4/8 inch with 
some roads, and as large as 7/16 inch 
with others, all of the intermediate six- 
teenths being also used. 

(b) When tolerances and variations in 
manufacture are taken into account, in 
addition to the calculated provision, the 
amount allowed is generally about 
3/8 inch, with differences in practice as 
low as 41/8 inch and as high as 
11/16 inch. 

(c) The least possible gap at the joint, 
the ends of the two adjacent rails being 
drawn away as far from one another as 
practicable, is taken, commonly, as « 0 », 
although some roads consider it as much 
as 1/4 inch. 


Expansion allowance. 


2 and 3. — Expansion-shims of metal 
of the proper thickness, in accordance 
with standard plan, shall be placed be- 
tween the ends of adjacent rails in order 
to insure the space-allowance for expan- 
sion required by the rail temperatures in 
the following table, and shall be left in 
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place long enough to prevent disturbance 
___ from laying of rails in advance (table 15). 


Taste 15. 


ra 


Expansion-allowance table. 


Openings 
between rail 
end 


Rail temperature (fahrenheit). 


For 33-foot rails : 


Below 25° above zero. 4/4 inch. 
From 25° above zero to 50° above. | 3/16 — 
= 50° = — (5° — 4/8 — 
— TH — — 100° — 4/16 — 
- For 60 foot rails : 
Below 25° above zero. 7/16 inch. 
From 25° above zero tu 87° above. | 3/8 — 
— 3 — — 50° — 5/16 — 
—- 50° -— = 620 — 1/4 — 
emg = ss Thee | SME —— 
— 5 — — 87 — 4/8 -— 
— 8i° — -- 1007 — 4/16 — 


With temperature over 100°, rails 
shall be laid close together without 
bumping. 

In tunnels, where the temperature is 
above 70°, the rails should be laid close 
together without bumping. When the 
temperature is below 70° a space of 
1/16 inch for each 25° variation shall 
be left between the ends of 23-foot 
rails. 

The space between the rails at: in- 


sulated joints should be 1/2 inch, using _ 


end posts as shown on standard plan. 
When laying new rails, the standard 
rail-thermometer shall -be used for as- 
- eertaining the temperatures by which the 


_- openings between rail ends in the Expan- 


-sion Allowance Table are fixed. The 
thermometer shall be laid out of the sun 
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on the base of the rail next to the web 
in advance of the laying and left there 
long enough to record the temperature 
accurately. Expansion shims should be 
issued to the men laying rail by the man 
taking the temperature readings, who as 
the temperature changes beyond the 
limits fixed in the table, will take up the 
shims in use and issue others. 

All thermometers should be checked 
by the Supervisor to see that they are 
accurate. 

The above is the practice recommend- 
ed by the American Railway Engineering 
Association, with some additional details 
of instruction, and is quite generally 
used by the companies. In some cases, 
the atmospheric temperature is taken in- 
stead of that of the rail. 


Joint lubrication. 


4. — Some companies oil the joints 
twice a year with a heavy oil, one mix- 
ture being 1 gallon of car oil to 7 gallons 
of fuel oil, sprayed by means of an air 
pump and hose from a supply carried 
in a tank. 


lif. — Quality of metal in fish-plates. 


Specifications. 


' 4 and 2. — The Joint bars in use in 
North America are now made of Open- 
hearth steel exclusively, unless, indeed, 
some Bessemer steel bars might be used 
in quite low-traffic service. 

The angle-bar joints for the heavy 


- traffic of the important lines are heat- 


treated, but there are also angle-bar 
joints for lesser service which are of 
high carbon steel not heat-treated. 
There are also proprietary joints of 
patented design which are not. heat- 
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“F aah tions. These alloys, as mechanical 
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ed, the breakages are very few, and it 
oy ee is not considered necessary by the ma- 
Pa jority of the companies to keep records. — composi ion of . 
an ; from ea h 
ase ; PAN, ae 3 ae eee scribed in see 1 s 
% IV. — First cost of installing lowing limits: 
> oe: 4 5 pe eke = . n . Mini 
4 and maintaining joints. Carbon... 
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cluded. Moreover, the difference in de- 
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One company reported the cost of main- 
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not less than 1/8 inch beneath the surface of 
the test ingot. 

(c) The purchaser may arrange for analyses 
to be made from finished joint bars represent- 
ing each melt, and the phosphorus content 
thus determined shall not exceed the require- 
ments specified in section 3 by more than 25 %. 
Drillings for the analyses may be taken from 
a finished bar at any point midway between 
the center and the surface of the solid bar, 
or turnings may be taken from the test spe- 
cimen. 


PHYSICAL REQUIREMENTS. 


Mechanical strength and ductility. — 5. The 
steel used for making the joint bats must be 
capable of sustaining : 


(a) A minimum < Tensile 
Strength » in pounds per 
SQUATO SUCH Ol wees in 

(6b) A minimum <« Yield 
Point » in pounds per 
BUUALCRINCHNOL sje. . eaves 70000 85000 

(c) A minimum « Elongation » percentage, 


‘ 4 600 000 
measured) in 2) imehes of——————_—~—,, but 
Tensile strength 


Carbon Alloy 
steel. steel 


100000 110000 


in no case under 10. 
(d) A minimum « Reduction of Area » per- 
3 500 000 


i f fract a 
centage at point of fracture o ewaionirenech 


but in no case under 25. 

(e) If the test be made on the finished joint 
bar, « Cold Bending » of the quenched bar 
without sign of fracture on the outside of the 
bent portion, through 45° around an are, the 
diameter of which is three times the thickness 
of the test specimen. 

(f) If the test be made on a specimen cut 
from the finished joint bar, « Cold Bending » 
of the specimen without sign of cracking on 
the outside of the bent portion through 90° 
around an are, the diameter of which is three 
times the thickness of the test specimen. 


Physical qualities. — 6. Tests shall be made 
to determine the : 

(a) Mechanical strength. 

(b) Ductility or toughness as opposed to 
brittleness. 
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Kinds of tests used. — 7. The physical qua- 
lities shall be determined by : 


(a) The Tension Test to find the Yield Point, 
the Tensile Strength or Ultimate Breaking 
Stress, the Elongation percentage, and the per- 
centage of Reduction of Area. 

(6) The Cold Bend Test. 


Method of testing. — 8. (a) ‘The « Tension 
Test » shall be conducted in aecordance with 
the Standard Methods for Testing, Serial De- 
signation E 1-18 of the American Society for 
Testing Materials, except where difference 
occurs herein. 

(6) The « Yield Point » is the load per unit 
of original cross-section at which a marked in- 
crease in the deformation of the test piece 
occurs without increase of load, and shall be 
determined by the drop of the beam of the 
testing machine or by the use of dividers. 

(¢) When making the tension test, the cross- 
head speed of the testing machine shall be 
such that the beam of the machine can be kept 
balanced, but in no case shall the value of 
0.25 inch per minute for yield point, and 
1 inch per minute for tensile strength be ex- 
ceeded, the speed being increased after passing 
the yield point. 


Test specimens. — 9, (a) ‘The tension test 
pieces shall be taken from the finished joint 
bars after final treatment. They shall be cut 
so that the sides of the pieces are parallel to 
the direction in which the bar has been rolled. 

(b) The test pieces for tension tests shall be 
in the form of round rods, with the central 
2-1/4 inch length turned to a 1/2 inch diam- 
eter, and with the ends threaded or unthread- 
ed to fit into the holders of the testing machine, 
in accordance with the standard form and 
dimensions for tension test pieces of the Amer- 
ican Society for Testing Materials. 

(c) The cold bend test specimens shall be 
finished joint bars after final treatment, or 

(d) If desired by the purchaser, bend test 
specimens may be square or rectangular in 
section, in which case they shall not be less 
than 1/2 inch in width between the planed 
sides, and shall have two parallel faces as 
rolled. 
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Temperature of test pieces. — 10. The tem- 
perature of the test pieces shall be between 
15°6 and 43°3 C. (60° and 110° F.). 


Proportion of tests. — 11. The process of 
heat treatment may be either by quenching 
successive charges, or by the continuous meth- 
od of quenching which is carried on mecha- 
nically and continuously. 


(a) When the process of treatment “is 
quenching by < successive charges >, one ten- 
sion and one bend test shall be made from 
each quenching charge. If more than one melt 
is represented in a quenching charge, one ten- 
sion and one bend test shall be made from 
each melt, which has not been tested as part 
of some other unit. 


(6) When the process of treatment is « con- 
tinuous », one tension and one bend test shall 
be made from. not less than 1000 bars. If 
more than one melt is represented in 1000 
bars, one tension and one bend test shall be 
made from each melt, which has not been 
tested as part of some other unit. 

(c) Bars shall be piled separately, in ac- 
cordance with each quenching charge of melt, 
until tested and accepted by the inspector, and 
shall have marked thereon designating cha- 
racters so as to be readily identified for in- 
spection. 

(d) If any test specimen shows defective 
machining or develops flaws, it may be dis- 
carded and another specimen substituted. 

(e) If the percentage of elongation of any 
tension test specimen is less than that spe- 
cified in section 5 (ec) and any part of the 
fracture is more than 3/4 inch from the cen- 
ter of the gauge length as indicated by scribe 
scratches marked on the specimen before test- 
ing, one retest shall be allowed. 


Reheat treatment. — 12. If the results of 
the physical tests of any test lot do not con- 
form to the requirements specified, the manu- 
facturer may reheat treat such lot, but not 
more than three additional times unless au- 
thorized by the purchaser, and retests shall 
be made as specified in section 11. 


ACCURACY OF MANUFACTURE. 


Section. — 13. The joint bars shall be 
smoothly rolled and the section shall conform 
as accurately as possible to the template 
furnished by the purchaser. The edges and 
bearing surfaces shall be well and accurately 
defined. 


Length. — 14, The joint bars shall be cut 
to the standard length prescribed by the pur- 
chaser, and shall not vary therefrom more 
than 1/8 inch. 


Punching, ete. — 15. (a) All punching, slot- 
ting and shapings of joint bars shall be done 
before treatment at a temperature of not less 
than=750° C, (W382eok.)s 

(b) All the bolt. holes shall be punched 
before treatment in one operation from the 
outside of the bar, without bulging or distort- 
ing the section, and the lower flange shall be 
slotted for spikes in accordance with the 
standard drawing, the slotting being done in 
one operation. A variation of 1/32 inch in 
the size and 1/16 inch in the location of holes 
will be allowed. 


Finish. — 16. When finished, the bars shall 
be straight, without camber in either plane, 
and with the outside surface of the web pa- 
rallel to the axis of the rail. They shall be 
free from kinks in any direction, and free from 
burrs, cracks and injurious mechanical de- 
fects. There must be no sharp up-turned 
corner on either end, creating an opportunity 
for cutting in and nicking the bearing surface 
of the rail on the under side of the head. 


IDENTIFICATION OF APPLIANCES 
OR ARTICLES. 


Branding. — 17. Brands or distinguishing 
marks shall be rolled or pressed into the out- 
side of the bar, and a portion of this marking 
shall appear on each finished joint bar, in 
accordance with the following requirements, 
and to indicate : 


(a) The name or initials of the « Manu- 
facturer ». 
(b) The « Year » of manufacture. 


(c) The kind of « Material », the letters 
« O.H. > being used to designate « Open-Hearth 
Steel >. 

(d) The « Heat Treatnient », by the letters 
ED, Ds 

(e) The number or characteristic for « De- 
sign >. 

(f) All brands or marking shall be done so 
effectively that the marks may be read as 
long as the joint bars are in service. 


Separate classes. — 18. The rolled joint bars 
from each melt shall be piled separately until 
tested and accepted by the inspector. 


MILL PRACTICE, 


Soundness. — 19. The steel shall be homo- 
geneous, and, when broken, show.a uniformly 
sound and characteristic fracture. 

20. A sufficient discard shall be made from 
each ingot to secure freedom from Ses 
piping and undue segregation. 

21. The joint bars shall enter the quenching 
medium, oil or water, at a temperature not 
less than 750° C. (1 382° F.). 


ACCEPTANCE REQUIREMENTS. 


Acceptance. — 22. In order to be accepted, 
the material or articles ordered must fulfil 
all the requirements of the « Specifications ». 
If they do not do so, they will be rejected. 


Defect found after delivery. — 23, Joint 
bars which show objectionable defects subse- 
quent to their acceptance at the place of ma- 
nufacture or sale will be rejected and returned 
to the manufacturer, who must pay the freight 
charges both ways. 


Place for tests. — 24, All tests and inspec- 
tion shall be made at the place of manufacture 
prior to shipment, except that check tests may 
be made at any other place selected by the 
purchaser without holding the manufactured 
articles at the mill awaiting the results of 
the check tests, and shall be so conducted as 
not to interfere unnecessarily with the oper: 
ation of the mill. 


Access to works. — 25. Inspectors represent- 
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ing the purchaser shall have free entry to the 
works of the manufacturers at all times while 
the contract is being executed, and shall have 
all reasonable facilities afforded them bv the 
manufacturer to satisfy them that the joint 
bars are furnished in accordance with the 
terms of these specifications. 


Correct : Approved : 


Engineer of Standards. Chief Engineer. 


EXHIBIT 6. 


KEYSTONE RAILROAD SYSTEM. 
Specifications for high carbon steel 
joint bars. 

(14 June 1921.) 


ARTICLES OR APPLIANCES. 


Plans. — 1. The joint bars shall be made in 
accordance with the standard designs of the 
Keystone Railroad System. 


Material. — 2, The material for the joint 
bars shall be of steel manufactured by the 
Basie Open-Hearth process. 


CHEMICAL .REQUIREMENTS. 


Chemical composition. — 3. The chemical 
composition of the joint bars manufactured 
from each melt of steel, determined as de- 
scribed in section 4, shall be within the fol- 
lowing limits : 


Carbon-minimum percentage ... 0.45 
Phosphorus-maximum percentage. 0.04 
_Note. — In the event of nickel and chro- 


mium being present to the extent approximately 
of 1.00 % and 0.35 % respectively, these ele- 
ments together will be considered as the equi- 
valent of 0.07 % of carbon in the above requi- 
rements. 


Analyses. — 4. The manufacturer shall 
furnish the inspectors with analyses and in- 
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formation in accordance with the following 
requirements : 

(a) For each melt of Open-hearth steel, chem- 
ical analyses, from a test ingot made during 
the pouring of the melt, of the elements car- 
bon, phosphorus, manganese, sulphur, and the 
other principal elements, such as nickel and 
chromium, used to attain the physical pro- 
perties specified in section 5. 

(ob) Drillings for analyses shall be taken 
not less than 1/8 inch beneath the surface of 
the test ingot. 

(c) The purchaser may arrange for analyses 
to be made from finished joint bars represent- 
ing each melt, and the phosphorus content 
thus determined shall not exceed the require- 
ments specified in section 3 by more than 25 %. 
Drillings for the analyses may be taken from 
a finished bar at any point midway between 
the center and the surface of the solid bar, 
or turnings may be taken from the test spe- 
cimen, 


PHYSICAL REQUIREMENTS. 


Mechanical strength and ductility. — 5. The 
steel used for making the joint bars must be 
capable of sustaining : 


(a) Aminimum <« Tensile Strength >, 


in pounds per square inch of ...... 85 000 
(6) A minimum « Yield Point », in 
pounds per square inch of........ 45 000 


(c) A minimum « Elongation » percentage, 


1 500 00 
measured in 2 inches peta DOCS but 
Tensile strength 


in no case under 14, 
(d) A minimum « Reduction of Area » per- 
2 300 000 


centage at point of fracture of Rensilenttene at 
but in no case under 25. 

(e) If the test be made on the finished joint 
bar, <« Cold Bending » of the bar without sign 
of cracking on the outside of the bent portion 
through 45° around an are, the diameter of 
which is three times the thickness of the test 
specimen. 

(f) If the test be made on a specimen cut 
from the finished joint bar, « Cold Bending » 
of the specimen without sign of cracking on 
the outside of the bent portion through 90° 


around an arc, the diameter of which is three 
times the thickness of the test specimen. 


Physical qualities. — 6. Tests:shall be made 
to determine the : 

(a) Mechanical strength. 

(b) Duetility or toughness as opposed to 
brittleness, 


Kinds of tests used. — 7, The physical qua- 
lities shall be determined by : 


(a) The Tension Test to find the Yield Point, 


the Tensile Strength or Ultimate Breaking 


Stress, the Elongation percentage, and the per- 
centage of Reduction of Area. 
(b) The Cold Bend Test. 


Method of testing, — 8. (a) The « Tension 
Test » shall be conducted in accordance with 
the Standard Methods for Testing, Serial De- 
signation E 1-18 of the American Society for 
Testing Materials, except where differences 
occur. herein. 

(b) The « Yield Point » is the load per unit 
of original cross-section at which a marked in- 
crease in the deformation of the test piece 
occurs without increase of load, and shall be 
determined by the drop of the beam of the 
testing machine, or by the use of dividers. 

(c) When making the tension test, the cross- 
head speed of the testing machine shall be 
such that the beam of the machine can be kept 
balanced, but in no case shall the values of 
0.25 inch per minute for yield point, and 
1.0 inch per minute for tensile strength be ex- 
ceeded, the speed being increased after passing 
the yield point. 


Test specimens, —- 9. (a) The tension test 
pieces shall be taken from the finished joint 
bars after final heating. They shall be cut 
so that the sides of the pieces are parallel to 
the direction in which the bar has been rolled. 

(b) The test pieces for tension tests shall be 
in the form of round rods, with the central 
2-1/4 inch length turned to a 1/2 inch diam- 
eter, and with the ends threaded or unthread- 
ed to fit into the holders of the testing machine, 
in accordance with the standard form and 
dimensions for tension test pieces of the Amer- 
ican Society for Testing Materials, 


un Se 1 dear: 


(c) The cold bend test specimens shall be 
finished joint bars, or 

(d) If desired by the purchaser, bend test 
specimens may be square or rectangular in 
section, in which case they shall not be less 
than 1/2 inch in width between the planed 
sides, and shall have two parallel faces as 
rolled. 


Temperature of test pieces. — 10. The tem- 
perature of the test pieces shall be between 
15°6 and 43°3 C. (60° and 110° F.). 


Proportion of tests. — 11. (a) Tension and 
bend tests shall be made of the test pieces 
selected by the inspector from each melt, one 
for each test, and both tension and bend tests 
must pass the requirements for acceptance. 

(b) If any test specimen shows defective 
machining or develops flaws, it may be dis- 
carded and another specimen substituted. 

(ec) If the percentage of elongation of any 
tension test specimen is less than’ that spe- 
ecified in section 5 (c) and any part of the 
fracture is more than 3/4 inch from the cen- 
ter of the gauge length as indicated by scribe 
scratches marked on the specimen before test- 
ing, one retest shall be allowed. 


ACCURACY OF MANUFACTURE. 


Section. — 12. The joint bars shall be 
smoothly rolled and the section shall conform 
as accurately as possible to the template 
furnished by the purchaser. The edges and 
bearing surfaces shall be well and accurately 
defined. 


Length. — 13. The joint bars shall be cut 
to the standard lengths prescribed by the pur- 
chaser, and shall not vary therefrom more 
than 1/8 inch. 


Punching, etc. — 14. (a) All punchings, slot- 
ting and shaping of joint bars shall be done 


at a temperature of not less than 750° C. 


(1 382° F.)\. 

(6) All the bolt holes shall be punched in one 
operation from the outside of the bar, without 
bulging or distorting the section, and the lower 
flange shall be slotted for spikes in accordance 
with the standard drawings, the slotting 
being done in one operation. A variation of 
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1/32 inch in the size and 1/16 inch in the 
location of holes will be allowed. 


Finish. — 15. When finished, the bars shall 
be straight, without camber in either plane, 
and with the outside surface of the web pa- 
rallel to the axis of the rail. They shall be 
free from kinks in any direction, and free from 
burrs, cracks and injurious mechanical de- 
fects. There must be no sharp up-turned 
corner on either end, creating an opportunity 
for cutting in and nicking the bearing surface 
of the rail on the under side of the head. 


IDENTIFICATION OF APPLIANCES 
OR ARTICLES. 


Branding. — 16. Brands or distinguishing 
marks shall be rolled or pressed into the out- 
side of the bar, and a portion of this marking 
shall appear on each finished joint bar, in 
accordance with the following requirements, 
and to indicate : 

(a) The name or initials of the « Manu- 
facturer ». 

(b) The « Year » of manufacture. 

(c) The kind of « Material », the letters 
« O.H. » being used to designate « Open-Hearth 
Steel ». 

(d) The number or characteristic for « De- 
sign >. 

(e) All brands or marking shall be done so 
effectively that the marks may be read as 
long as the joint bars are in service. 


Separate classes — 17. The rolled joint bars 
from each melt shall be piled separately until 
tested and accepted by the inspector. 


MILL PRACTICE, 


Sowndness, — 18. The steel shall be homo- 
geneous, and, when broken in tension, show a 
uniformly sound and characteristic fracture. 


Discard. — 19. A sufficient discard shall be 
made from each ingot to secure freedom from 
injurious piping and undue segregation. 


- 
ACCEPTANCE REQUIREMENTS. 


Acceptance. — 20. In order to he accepted, 
the materials and articles ordered must fulfil 
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all the requirements of the « Specifications ». 
If they do not. do so, they will be .rejected. 


Defect found after deliwery. — 21, Joint 
bars which show objectionable defects subse- 
quent to their acceptance at the place. of ma- 
nufacture or sale will be rejected and returned 
to the manufacturer, who must pay the freight 
charges both ways. 


Place for tests. — 22. All tests and inspec- 
tion shall be made at the place of manufacture 
prior to shipment, except that check tests may 
be made at any other place selected by the 
purchaser without holding the manufactured 
articles at the mill awaiting the results of 
the check tests, and shall be so conducted as 
not to interfere unnecessarily with the oper- 
ation of the mill. 


Access to works. — 23. Inspectors represent- 
ing the purchaser shall have free entry to the 
works of the manufacturers at all times while 
the contract is being executed, and shall heve 
all. reasonable facilities afforded them by the 
manufacturer to satisfy them that the joint 
bars are furnished in accordance with the 
terms of these specifications. 


Correct : 
Engineer of Standards. 


Approved : 
Chief Engineer. 


Life. 


3. — The life of the joint has been 
given for the most part as the life of the 
rail, which is estimated from eight to 
fifteen years generally, but sometimes to 
twenty years. However, this rail, hav- 
ing served its limited time in important 
main tracks, is then transferred to less 
important main tracks and yard and side 
tracks, after which the rail, joints, and 
bolts are sold for scrap. In some few 
instances, the joints are reconditioned, 
but the majority of the companies ans- 


wering « no ». p 


Spring washers. 


4, — Spring washers for track bolts 
are commonly used by the administra- 


tions in North America. They are prin- 
cipally of the coiled spring type, which 
are of two qualities according to their 
strength, the High Spring Pressure and 
the. Low Spring Pressure, which are ex- 
plained in the specifications quoted. 
(Table 21.) 

There is also a type of rectangular 
shape, crimped in order to act as a 
spring, and embracing two bolts, which 
is made of spring steel material. 

The so-called Harvey grip-thread nut 
is used by a number of lines, sometimes 
without a coiled spring washer. The 
true Harvey grip-thread was an under- 
cut thread on a cut-thread bolt, whereas 
that now so designated is a rolled thread 
not under-cut, and is not of equal value 
with the original design. 


Prolonging life. 


5. — It is quite common practice to 
oil joints with a heavy asphaltic-base oil, 
which assists in prolonging the life of 
joint bars and their accessories, and, in 
addition, the oil-quenching in the heat- 
treatment process for joint bars and bolts 
adds to their rust-resisting properties. 


CONCLUSIONS. 


1. — The strength and stiffness of 
joint bars have been improved to a large 
degree : 


(a) By the improvement in the design; 

(b) By the employment of Open-hearth 
instead of Bessemer steel in the manu- 
facture; 

(c) By the heat-treatment of the steel, 
either with or without additional alloys. 


2. — By the use of heat-treated mater- 
ial, the joint strength has been brought 
to a close approximation of that of the 
rail-section itself. 


Ce ed 


8. — These improvements above cited 
have reduced -joint breakages to an 
almost negligible quantity. 


; . EXHIBIT. 7, 


KEYSTONE RAILROAD SYSTEM. 


Specifications for coiled spring washers. 


(1) High spring pressure and 
(2) Low spring pressure. 


APPLIANCES OR ARTICLES. 


Scope. — 1, These specifications prescribe 
the chemical and physical properties intended 
for the material of the spring washers pur- 
chased, and state in detail the methods of 
testing for proving their fulfilment. They 
cover two classes of coiled spring washers, one 
of High Spring pressure and one of Low Spring 
Pressure. The Purchaser’s order will state 
which kind is required. 


(a) A minimum « Spring Pressure » in 
pounds when compressed to 0.01 inch spring 
height solid of 


Reed gale oe COP ema oieNOE Yas Meta! “pee ie) vi 


(6) A-minimum <« Elastic Strength » mea- 
sured by a reaction of 0.25 inch, remaining 
after the finished spring washer has been sub- 
jected for a period of 1 hour to pressure suf- 
ficient +o compress it flat and has been re- 
leased. 

(ce) « Twisting » to 45° without sign of frac- 
ture one end of the finished spring washer 
while at the same time the other end is’ held 
securely in a vise. When further twisted until 
broken, the structure at the fracture must be 


1° High spring pressure. 


For diameter 
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Plans. — 2. Spring washers shall be made 
in accordance with the standard sizes, dimen- 
sions and forms of the Keystone Railroad Sys- 
tem. In general, they will meet the following 
requirements : 


(a) Cireular form. 
(6) Parallel type. 


Material. — 3. The material for coiled 
spring washers shall be of a carbon steel or 
an acceptable alloy steel manufactured by the 
Basic or Acid Open-Hearth Process, the Elec- 
tric Furnace Process or the Crucible Process. 


CHEMICAL REQUIREMENTS. 


Chemical composition, — 4. The chemical 
composition of the spring washers manufac- 
tured from each melt of steel shall be within 
the following limits : 


Phosphorus : Not to exceed 0.05 %. 
Sulphur : Not to exceed 0.04 %. 
PHYSICAL REQUIREMENTS. 


Mechanical values, — 5, The finished spring 
washers must be capable of sustaining : 


20 Low spring pressure. 


For diameter 
of bolt, 
in inches. 


of bolt, Pounds. Pounds. 


in inches. 


13/16 7 000 13/16 1 000 
7/8 7 000 7/8 1 000 
4 8 000 1 4 500 
1-1/8 10 000 1-4/8 2 000 
4-4/4 12 000 1-4/4 


of fine grain, homogeneous, and of uniformly 
silky structure. 

(d) A ¢ hardness » of between 400 and 475, 
Brinell scale. 


Physical qualities. — 6. Tests shall be made 
to determine : 

(a) Spring pressure. 

(b) Elastic strength. 

(c) Hardness. 


“mined in this eae shall ot he Te 3 1a 
that specified. meij*s, Sete 
Pa ACH The « Elastic Sirenet 2% shall de ; 
mined. by compressing and twisting the test | 
pieces. is ee a eae 
(c) The « Hardness » shall ie determined — A 
by the Brinell method, using a 10 millimetre Se 


ball and 3000 kilogram weight. rey: _ requiremer nts s 8 
: . Tes -heat- treat 


> 


Test specimens, — 8. (a) The test pieces 
shall consist of finished spring washers taken 
from the proposed shipment. ; ; 

(b) The temperature of the test pieces at 
the time of testing shall be between 15°6 
and 43°3 ©.) (60° and.110° F.). 


Description and proposition of tests. — 
9. (a) Tests shall be made of specimens select- 
ed by the Inspector at random from lots of ; 
not over 15000 pieces of finished product steel cna wt 
offered for acceptance. Two specimens shall  , a ta 

be selected for each test (pressure, elastic erat is eoiedl are aleaitablon Sheed yen 
a strength, twisting and hardness), and, if both sizes and position of coil shall | e 
meet the requirements of the specifications, helow, and if a manufacturer desires to hae 
the lot will be accepted. If one of the spe- nut locks of different arrangement and. ‘made ies 
cimens fails, a third piece shall be selected from other sizes of steel stock the consent of ate 2 
and tested, and, if it meets the requirements the purchaser must be obtained. ; 


A ee in size of 
ee be: rash 
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} : Approximate : Ra ee 
reo Dimension as ncaa Gee LOCOS 2 ae 
Size of bolt of outside diameter width hep orm of spring washer in- 
diameter. f - r¢ washer on side’ | 
: of spring washer. adjacent to nut. | © coiling "position. om 
, _ 4-4/4 inches. 2-5/416 inches, 7/46 i eh ' 
; ; 14/8 — | eh te 7/16 — 
= 4 inch. I1SGNe=T eS | 3/8 — 
7Sinch, | AAA/AG — Dee 


18/16 inch. 1-14 /16 3/8 


Tolerance. — 12. The weight of finished 
spring washers per thousand lot shall be at 
least 97 per centum of the theoretical weight, 
the weight of a cubic inch of steel being taken 


as 0,.2833-lb. 


Finish, — 13, All finished pieces must be 
clean, smooth, without burrs or rough edges, 
of uniform size, with well shaped symmetrical 
coil and cross section free from injurious me- 
chanical defects, and be finished in a first- 
class workmanlike manner. 


IDENTIFICATION. —- SHIPMENT. 


Packing. — 14, The finished spring washers 
shall be packed in quantities, of 1 000-1 500 in 
securely hoopéd kegs or well fastened boxes. 
Containers shall be left open until the inspec- 
tion is completed. 


Branding, — 15. Identification will be by 
the manufacturer’s marks on the containers 
which shall be : 


(a) Name of manufacturer. 

(b) Class (high spring pressure or low 
spring pressure). 

(ec) Size of spring washers (inside diameter, 
width and thickness). 

(d) Number of spring washers. 


MILL PRACTICE, 


: Heat-treatment. — 16, (a).The scientific 

acccuracy of the heat-treatment according to 
the best methods known for securing uniform- 
ity of temper of the highest efficiency attain- 
able shall be guaranteed by the manufacturer. 

(6) Tempering or draw back treatment of 
the spring washers after quenching will be 
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necessary in order to relieve the quenching 
stresses. 


ACCEPTANCE REQUIREMENTS, 


Acceptance. — 17. In order to be accepted, 
the coiled spring washers ordered must fulfil 
all the requirements of the « Specifications ». 
If they do not do so, they will be rejected. 


Defect found after deliwery. — 18. Spring 
washers to the extent of 5 % or more of the 
order which show injurious defects subsequent 
to their acceptance at the place of manufac- 
ture or sale will be rejected and returned to 
the manufacturer, who must pay the freight 
charges both ways, and replace the defective 
spring washers with new ones fulfilling the 
requirements of the specifications. 


Place of tests. — 19. All tests and inspec- 
tion shall be made at the place of manufacture 
prior to shipment, except that check test may 
be made at any other place selected by the 
purchaser without holding the manufactured 
articles at the mill awaiting the results of the 
check tests, and shall be so conducted as not 
to interfere unnecessarily with the operation 
of the mill. 


Access to works. — 20 Inspectors represent- 
ing the purchaser shall have free entry to the 
works of the manufacturers at all times while 
the contract is being executed, and shall have 
all reasonable facilities afforded them by the 
manufacturer to satisfy them that the spring 
washers are furnished-in accordance with the 
terms of these specifications. 


Approved : 
Chief Engineer. 


Correct : 
Engineer of Standards. 
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ADDENDA 


For South America, replies were received from : 


1° The Buenos-Ayres Great Southern 
Railway Company, Limited; 


2° Ferro Carril Central Argentino; 
3° Nitrate Railways, Chili. 


A. — Broken rails.. 


The Tee-rail used in European coun- 
tries is used in South America, and the 
general practices in track construction 
and maintenance have been introduced 
from there quite largely, though some- 
what influenced by ‘North American 
details. 


4. —- Rail breakage records are kept, 
but the breakages are not numerous, 
being about 50 per anum for a main line 
mileage of 6 760.9 km. (4 204 miles) for 
road 41, and 3 626 miles for road 2. 

The business is considerable, being 
14500 000 train miles (passenger and 
freight) for No. 41, and 10760000 for 
No. 2. 

For the first, the maximum axle loads 
for locomotives are 19 tons on a wheel 
base of 2 m. 34 (7 ft. 8 in.), and the 
speeds 90 km. (56 miles) over the 
100-pound rail on stone ballast, and 

5 km. (46.5 miles) when the ballast 
is black earth. 


2. — The breakages are found for the 
most part close to the joint, taking the 
form in one road of a splitting of the 
web horizontally through the bolt holes. 
Another type of fracture is through the 
lower flange, frequently started by a 
diminution of metal due to saltpetre in 
earth ballast or to the kick of spike upon 
the foot. Breaks show a crystalline 
structure denoting hardness. Road 
No. 2 considers that 75 % of the break- 


ages since 1919 have been in rails rolled 
between the year 1885 and 1890. 


3. — The extent of rail-wear allowed 
before removal: to inferior service is 
generally about the same as in North 
America. 

Rails are laid with an inclination from 
the surface-plane of the sleeper of 4 in 20. 

One road thinks the breakages occur 
more frequently on rising than falling 
grade, while the other does not consider 


they are affected one way or the other. 


Sleepers are spaced 17 per 40-foot rail 
length, but in some cases are increased 
in number to strengthen the track on in- 
ferior ballast. 

They have not found work. on the 
track at various temperatures to have 
any effect on the rails, but fish-plates 
have frequently broken when lifting 
track in cold weather. 

It is believed that the bolt holes in- 
fluence breakages, but it is not known 
to what extent. 

70 % of the breakages occur within 
1m. (3 ft. 3 in.) of the end of the rail, 
20 % within 2 m. (6 ft. 6 in.), and 
140 % in other parts, in the case of 
road No. 2. 


The track is laid with suspended joint. ~ 


4, — Piping is rarely noticed. 


5. — High silicon rail has not shown 
any marked superiority over the or- 
dinary standard, but rolled manganese 


for important junctions and crossings 
have given excellent results. 

6, — Provided the rails comply with 

- the standard specification, both in che- 

mical composition and in the tests, they 


785 
~ T—109 


think the rest lies with themselves. If 
the circumstances are otherwise, they 
are of the opinion that the responsibility 
should be shared by the manufacturer, 
and this as a rule is their custom. 


B. — Rail joints. 


1. — Types of joints. 


4. — The angle bar type of joint is 
used, suspended on two ties which are 
spaced for heavy rail, centre to centre, 
20 to 23 inches. 


2. — The length of rail is 40 feet, and 


it would not be advantageous to increase 
it owing to extra care required in hand- 
ling a greater length to obviate bending 
and undue stress whilst loading, un- 
loading and laying in the track, and to 
avoid increasing number of men in per- 
manent way gangs. 


3. — The joints have been placed 
opposite each other on tangent track, and 
staggered on curves where greater lateral 
resistance is desirable, but road 2 has 
found that alternating joints make a 
much better running track requiring less. 
maintenance, and that change is being 
made when carrying out renewals and 
ballasting with shell or stone ballast, 
though no change is being made where 
the ballast is earth. 


4, — « Suspended joints give a 
smoother running and elastic track with 
the loads better distributed than with a 
supported joint, which induces batter- 
ing of the rail ends and alters the 
stresses of the fishplates. » 

As traffic generally runs in both di- 
rections, no difference can be made in 
the distance of facing or trailing sleepers 
from the joint. 


5. — « Fishplates being of less strength 
than the rails they join, it is not advis- 
able to put further stresses upon them, 
beyond slotting the flanges to receive the 
heads of the dog-spikes which greatly 
assist in preventing rail creep, both rail 
and sleeper being securely fixed together. 

« It is-economical and will give fair 
results to use the joint for the purpose 
of dealing with rail creep, but it is far 
from being entirely satisfactory. » 


Rail creep has been almost prevented 
by covering the rail to the underside of 
the head with ballast. 


6. — The wedge and keyed joints have 
not been tried. 


7. — The plan of raising the outer 
fishplate to the rolling surface of the 
rail has been tried, but not adopted, 
probably because of extra expense and 
difficulty in making. 


8. — The square-end rails are con- 
sidered best. 
9. The road with a fishing-angle 


of 20°. considers that experience has 
proved it to be a good angle. 

The road with 24-1/2° is inclined to 
think it should be changed to something 
between 14° and 20°, as it would be less 
liable to twist. 


10, -— A six-bolt joint is used, 30 inches 
long in one case, and 33 in the other. 


— (b) The oecaan Sails gap te 
(c) Nil is minimum space. 
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a wes Ree ay FS if > 
; J a Rail expansion allowances are oot 


obtiweather. w suectcasdmcmae 
Warm weather. 


ax tae | Medium weather . . =... re 3 mm. (1/8 i 
j = || Cold weather . mx 
; ‘ 5 mm (3/46 ‘ineh full) 


Freezing weather . 


3. — Ordinary thermometers are used in the shade. 
oe _ 4, — Fishplates are not lubricated. 

Wt. — ‘Quality of metal in ‘fishplates. 
P * 
: 4. — One uses Bessemer or Siemens . tion of 23 % in area; a nd ag 
: steel, 38 to 42 tons per square inch ten- open track steel as in rails ‘yt tons per aa a 
sile ena minimum elongation of square inch tensile strength, | minimum — =: 
| 


42 % in 2 inches, and maximum reduc-_ elongation of 10 % in 2 inches. - 


Chemical composition. z ; ; 
= ee The first. ; The secant, f aca? 


Ciihon sic)... ee 0.35 to 0.50 %o 


| 0.60 /o 
Maviganese . . 1... <feoh «| OS ton Ooo” ) , 


Phosphorus, maximum . . . . . 0.06 Jo 
Silicomanaximanins ... =) sees 0.06 8/0 
Sulphur, makin eho ce eae 0.06 9/4 <4 
‘ 2. — Fishplates are not heat-treated. 
3. — Special steel has not been justified. 
‘ Y « = * : ~ : — v 7) a j 
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eae ‘A-hole fishplates . Pees, 4 cs 
of the rails, fishplates and bolts is estimated 


1c ice to use spring washers or lock nuts. The 
inch) has been found sufficient. 
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ition used in the compilation of the report, the Reporter is indebted 
members of the affiliated administrations, and to thirteen railroad companies 
the United States and Canada not of the affiliated administrations. 
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APPENDIX. 
Detailed list of questions relating to question II. 


A. — Broken rails. 


The breakage of rails in service may have serious results, and the causes should be examined 
to avoid a recurrence. 

Usually there is nothing to distinguish a broken rail from its neighbours. It has been 
manufactured, laid and maintained in the same way, and has carried the same traffic as the. 
others, and the cause of breakage must be looked for in defects in the metal from which it has 
been made, 

When the breakage is due to the use to which the rails have been put, the cause is easily 
discovered and the remedy applied. It is not so, however, when the breakage results from 
internal defects in the metal, and the Reporters feel that it would be more profitable closely 
to study the latter. type of breakage and the measures which railway managements should 
adopt to protect themselves against receiving rails which may contain such causes of failure. 


The accompanying « questionnaire » has therefore been drawn up keeping in view this aspect 


of the case. 


LIST OF QUESTIONS. 


1, — Have you any statistics as to the num- 
ber of rails broken annually on your railway? 

By what rules or instructions are these sta- 
tistics regulated. ? 

Give particulars, together with such further 
information as will enable a comparison to be 
made with the numbers on other railways, — 
such as age, weight and profile of rails, length 
of running track on the railway, number of 
train miles, maximum axle weight, highest 
speed of trains, ete. 


tain number of types, according to position, 
form, appearance, ete. 
Have you made any such classification ? 
Describe the types which your observations 
have led you to set up. Indicate the relative 
frequency of the breakages of each type in 
the last five years. 


2. — Breakages may be classified in a cer- 


How do you consider the breakage has been 
started and has developed in each type, and 
what is, in your view, the initial cause ? 

What methods of investigation have you 
followed in order to throw light on the process 
of formation of the fracture, and the actual 
causes in each type ? 


3. — Breakages attributable to the use to 
which the rails are put. 

Effect of age. 

Taking rails supplied under certain con- 
tracts can you give for the total, and for each 
contract, the number of breakages of rails up 
to five years old, between five and ten years 
old, and so on for each five years ? 

Effect of wear. 

What reduction of profile (section, weight, 
ete.) do you allow before withdrawing from 
service rails carrying heavy traffic and those 
‘carrying light traffic ? 

Effect of the elasticity of the formation. 


- Have you observed more breakages on a 


rigid than on an elastic formation ? 


_ Effect of the inclination of the rail. 


_- Do you consider that breakages are more’ 


- frequent. in rails placed yertically than in 
those placed at an inclination of 1 in 20, due 
to the effect of the aeiine action near the 
edge of the rail 2 ~ 

Effects of gradients. 

Have you noticed more breakages on a rising 
than on a falling gradient, especially when, 
owing to signals, trains have frequently to 
start off on a gradient at the same point on 


_ the track ? 


Hffect of sleeper spacing. 

Have you reduced the number of breakages 
by altering the number and spacing of the 
sleepers ? 

"Effect of corrosion. 
_ Have you more breakages in the wet por- 
tions of tunnels? 

Effect. of work done on rails, 

Have you noticed more frequent breakages 
of rails which have had work done on them 
in a cold or hot state, especially when such 
work has been done out on the line ? 

Do the holes made in the portions of the 
rail covered by the fishplates or in the remain- 
ing length tend to cause breakage ? What 
effect have the diameter or the spacing of 
these holes and their distance from the end 
of the rail in this respect ? 

Breakages in the length covered by the fish- 
plates are more frequent than in the remainder 
of the rail. 

Can you. give: 

1° the relative proportion of breakages per 


unit of length of rail covered by the plates, 


and per unit of length of the remainder of 
the rail; 

2° the relative proportion of breakages in 
the trailing end which the wheel runs off, and 
the facing end on to which the wheel runs ? 


What types of joint seem best to you from 
this aspect of the case ? 
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4. — Breakages attributable to defects in 
the metal in the rails. 

Is the excessive amount of certain alloys a 
cause of breakage ? What do you consider 
the maximum permissible amounts from this 
point of view? How do you detect these 
alloys ? 

Is piping a cause of breakage ? How do you 
guard against piping ? 

Is segregation a cause of breakage ? 


What amount of segregation do you con- 
sider excessive, and how do you detect it ? 

May not certain quite local defects be due 
to objectionable treatment in the manufacture 
of the rails (such as rails insufficiently pro- 
tected against rain and snow while cooling, 
rails subjected to an undue amount of cold 
straightening, etc.). 


5. — In order to lessen beakages have you 
used rails of special composition, such as sor- 
bitic, heat treated, high tensile silicon, -man- 
ganese, nickel, chrome, etc., and have you any 
statistical information as to the breakages in 
these rails ? 


6. — What conditions do you propose to 
insert in your specification for the supply of 
rails to guard against the particular causes 
of breakage mentioned in question 4 ? 

How far and by what conditions do you 
consider such a specification ought to fix the 
responsibility of steel makers supplying rails 
under contract in the event of accidents 
brought about by broken rails when enquiry 
attributes the breakage to a cause other than 
the use to which the rails have been put by 
the railway, that is to say to a defect in the 
metal ? 

Do you think certain practices in the manu- 
facture of the steel, tapping, rolling and 
finishing, should be prohibited ? 

Describe them, giving the reasons for the 
prohibition. 


I. — Types of joints. Cor 


1. — What types of joints” are in use or 
under trial on your railway phe : Td ate 

Describe them, indicating the exact relative as 
positions of the joint and the adjacent sleep- 
ers, and indicating the nature and weight of you ¢ 
the respective parts. Give drawings where | and th 
_ necessary. 4 3 : 


2. — What is Pave greatest istance. between’ 
raat © "c) joints, 7. e., what is the greatest length of rail e 
; you use ? Do you think it would be » practicable 
ae 3 or advantageous to increase them, and if- “so to. 
Ree it what extent ? i 


— te a 


3. — Do you place the joints in the two — oe er that such joints, “which 


BAY rails of the same track opposite one another, 
; ‘ or alternating ? Do you consider that either 
method has any advantage over the -other, — 
and why ? ; 


aes with th the x6 


B te 
j martes ‘advantages 

=. 7 4. — Joints are either suspended or sup- joints ? 
<a ported, and in the latter case rest on the ese Ra 
{ sleeper or on an elastic bridging piece between 


Lin fet of joints the 


‘ ' the two adjacent sleepers. Which of these ar- 
<2 ; rangements do you GR the better end 
; d why? 
2 th li 
ie 4: ; In the suspended type, ‘the joint may be era 
Ke a placed at equal distances from or symmetrically foe gy nfo 


to, the two adjacent sleepers or, on the other 
hand, may he placed unsymmetrically to these 
sleepers, being nearer the one on the facing ae ras are: ‘no 
f or running on direction 80 as to. reduce the axis, but are eut 
ART Belleman of the rail resting ¢ on that sleeper. with each other 


jomts) or have the ends more or less inclined 
to the axis in a vertical or horizontal dir2c- 
tion (such as oblique joints). Do you consider 


submit the rail ends to such extra treatment 
are conpensated for by the better hold of such 
joints under rolling loads ? 


9. — There are marked differences in the 
angle of inclination of the fishing surfaces of 
rails and fishplates in various types of joints. 
What particular angle of inclination do you 
favour, and why ? 


10. — There are marked variations in length 
of fishplates, and number of fishbolts, in dif- 
ferent types of joints. What particular arran- 
gement do you consider most suitable, and 
why ? 


11. — After the fishplates have been screw- 
ed up there may sometimes exist slight irregu- 
larities of level between the rolling surfaces 
of the two rails thus connected. Do you think 
it of advantage to remove these irregularities 
by planing down the rolling surfaces, and if 
so, do you use any special appliance for the 
purpose, and what is it ? 


12. — When owing to wear of the contact 
surfaces fishplates no longer retain a good hold 
of the joint, the trouble may be remedied by 
the use of various arrangements which tem- 
porarily restore to the joint its lost proper- 
ties. Among others may be mentioned : 

The use of fishplates with increased height 
(to compensate for the wear of the fishing 
surfaces of the rail ends). 

The placing between the fishing surfaces of 
rails and plates of narrow metal strips of 
suitable shape to stop the existing play. 

The displacement, in a trailing or facing 
direction, of the two fishplates of the joint, 
which, with this object, are made of greater 
length than is usual and have additional holes 
for the fish bolts. Such plates can, in con- 
sequence, be placed in the three successive po- 
sitions, shown on the accompanying sketch in 
which the marked holes in each figure are 
those utilised for bolts, the remaining holes 
not being required for the time being. 

In the same category may be mentioned the 


that the objections resulting from having to - 
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renovating, with a view to theit re-use, of 
worn fishplates by reforging, so as to restore 
their dimensions between the fishing surfaces, 
or even slightly to increase their dimensions, 
so as to compensate for the wear of the rails 
which they connect. 

Have you employed any of these methods, and 
have you any preference for any of them, and 
why ? 


13. — What types of insulated joints do 
you use for track circuits ? Give drawings 
and set out the advantages and disadvantages 
of such types. 


Il. — Freedom for expansion of rails. 


1. — a) What maximum calculated gap be- 
tween the rail ends is provided for by your 
design of joint, leaving out of account toler- 
ances and variations in manufacture ? 

When tolerances and variations in manu- 
facture are taken into account in addition to 
the calculated provision as designed, what are: 

b) the greatest possible gap at the joint, 

c) the least possible gap at the joint, the 
ends of the two adjacent rails being drawn 
away as far from one another as practicable ? 


If the sizes of the holes in the rails and 
plates vary with the length of the rails joined 
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together please give, for each size, the parti- 
culars for a), 6b) and ec), and the maximum 
corresponding lengths of rails. 


2. — What rules, depending on temperature 
and length of rails, do you work to in settling 
the amount of play to be allowed between the 
two ends of adjacent rails when in tunnels 
and in the open ? 


3. — How do you fix the temperature ? Do 
you use special thermometers, and if so, what 
are their particular features 7 Are you sa- 
tisfied to take the surrounding atmospheric 
temperature in the shade, or do you endeavour 
to ascertain the temperature of the rails 
themselves ? In the latter case how do you 
ascertain it ? 


4, — Do you use any system of lubrication 
to reduce friction between the rails and plates, 
and thus allow free expansion and contrac- 
tion of the rails ? If so, what do you do? 


Ill. — Quality of metal in fishplates. 


1. — What are the characteristics (tensile 
strength, percentage of elongation, chemical 
composition, ete.) of the metal you specify 
for the manufacture of fishplates ? Do you 
insist on the use of Open-hearth steel, or are 
you satisfied with Thomas or Bessemer steels? 


2.— Do you submit fishplates to heat treat- 
ment after manufacture ? If so, what is the 
nature of the treatment (simple annealing, 
tempering by complete or partial cooling, 
tempering followed by annealing, etec.), and 
what results do you obtain ? 


3. — Are you of opinion that it would be 
advantageous to use special steel for fishplates 
(high tensile, manganese, nickel, chrome, etc., 
steels) and why ? 


4. — Are broken fishplates a frequent occur- 
rence on your railway ? What is the number 
per mile of track per annum ? What are the 
principal causes to which they may be attri- 


buted, and what means are you considering 
to eliminate them or reduce their number ? 


IV. — First cost of installing and 
maintaining joints. 


1. — Based on the prices ruling in the first 
half of 1914, what is the cost of installing 
each type of joint in use or under trial on 
your railway ? This price, which should 


cover the pair of joints for one track, i. e.,. 


one for each rail, should exclude the cost of 
ballast, sleepers, and rails, but should include, 
where applicable, any extra cost due to special 
sleepers or chairs, cutting the ends of the 
rails (such as lapping, rebating or forming 
oblique ends) or to any other reason. 


2. — At what sum (values as in the first 
half of 1914) do you estimate the annual cost 
of maintaining each of these types of joints ? 
In these costs should be included all necessary 
expenses for keeping the joints tight under 
rolling loads, that is to say not only those 
for replacing the various parts, but also for 
ordinary maintenance (tightening of the bolts, 
supplying and putting in position wedges or 
metal strips to take up play; more frequent 
lifting and packing of the joint sleepers, etc.); 


3. — What is the average length of life of 
the different parts of the joint ? How do you 
dispose of these parts when they can no longer 
be left in the line? If you re-make worn 
fishplates or recondition bolts damaged in use, 
what is (in 1914 prices) the cost of these 
operations in each case ? 


4, — Have you made use of any particular 
methods (such as spring washers and plates, 
lock nuts, ete.) in order to reduce mainten- 
ance costs due to tightening up of fish bolts ? 
If so, have you obtained satisfactory results ? 


5. — Have you employed any other means 
of lengthening the life of the various parts 
of the joint, or of reducing the expense of 
their maintenance ? If so, describe them and 
the results which you have obtained. 
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“ON THE QUESTION OF SHUNTING YARDS (SUBJECT II1 FOR DISCUSSION 
AT THE TENTH SESSION OF THE INTERNATIONAL RAILWAY CONGRESS 


ASSOCIATION), (4) 


By SamugL T. WAGNER, 


CHIEF ENGINEER, READING COMPANY. 


Figs..1 to 10, pp. 836 to 846. 


The report submitted herewith is in- 
tended to illustrate the practice on a 
number of the leading railroads in the 
United States and Canada. 

The information was obtained in res- 
ponse to a questionaire intended to allow 
each railroad to submit a type of yard 
which they considered representative and 
give the data required in the ques- 
tionaire as to « Layout and Organiza- 
tion ». This data is shown in appen- 
dices 4 and 2. 

The Manual of the American Railway 
Engineering Association (1921) gives the 
following definitions relative to the sub- 
ject under discussion : 


Yard. — A system of tracks within 
defined limits provided for making up 


trains, storing cars and other purposes, © 


over which movements not authorized 
by timetable or train order may be 
made, subject to prescribed signals, ru- 
les and regulations. 
Classification yard. — A yard in 
. which cars are classified or grouped 
in accordance with requirements. 


Gravity yard. — A yard in which the 
classification of cars is accomplished by 
gravity. 

Poling yard. — A yard in which the 

movement of cars is accomplished by 
the use of a pole operated by an engine 
on an adjacent parallel track. 
_ Summit or hump yard. — A yard in 
which the movement of cars is accom- 
plished by pushing them over a summit, 
beyond which they run by gravity. 

Separating yard. — A yard in which 
cars are separated according to district, 
commodity or other required order. 

Sorting yard. — A yard in which cars 
are classified in greater detail after hav- 
ing passed through a classification yard. 


General. 


President E. F. Loree in his book 
« Railroad Freight Transportation » di- 
vides yards for the assembling and clas- 
sification of freight, into : 1° Shunting 
yards; 2° Poling yards; 3° Hump yards; 
4° Gravity yards. 


() This question runs as follows : « Shunting and marshalling yards for goods trains. Lay-out and 


organisation. » 
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This subdivision will be used in the 
subject under discussion, and each will 
be treated separately under « Layout and 
Organization » and « Operation ». 

In addition to the general layout of 
tracks, which will be considered in each 
case separately, there are certain essen- 
tial adjuncts which may be required to a 
greater or less degree depending on the 
uses, size and general location of the 
yard. 


Engine house. — In any large yard 
appliances for caring for engines will be 
required for housing and making light 
repairs. These should be located so as 
to be of easy access to the various parts 
of the yard, with sufficient tracks to 
hold engines awaiting their turn to go 
on the road.. It should be equipped with 
an adequate number of stalls and with 
a machine shop of suitable size and prov- 
ided with tools to make the repairs re- 
quired. Drop pits for handling the 
wheels, inspection pits, heating and 
lighting are necessary as well as hot 
water wash off and boiler wash facili- 
ties. 


Coaling stations, ash pits, water sta- 
tions, sanding facilities, inspection pits. 
— These should be located conveniently 
to the engine house to prepare engines 
for service. The extent and detail of 
these facilities will depend on the num- 
ber and characteristics of the engines to 
be handled. They are usually located so 
that an engine moving over them will pass 
in the order required and make no extra 
movement. Coaling stations for supply- 
ing fuel to the engines may be of the 
simplest kind with small fuel storage or 
of the most improved mechanical type 
for the larger stations, specially where 
room is an important feature. Coal 
mixing facilities may also be required. 


Ash pits are now generally preferred of 
a type which will allow the ashes to be 
dumped into water, before being re- 
moved. 


Car repair shops, yard offices, stock 
pens, yard lighting. — Shops, for mak- 
ing repairs to cars, furnished with trans- 
fer trestles for transferring contents into 
other cars in case of general disable- 
ment; yard offices to house the yard or- 
ganization; stock pens to feed and water 
live stock in transit; quarantine pens 
for health inspection of stock; general 
lighting of the yard to allow of work to 
be done with safety at night are all 
essentials of a yard of any magnitude. 

Practically all of these adjuncts are of 
sufficient importance to be made sub- 
jects of independent investigation. The 
scope of this paper, however, prevents 
their further elaboration here. 


Layout and organization. 
1° Shunting : Classification yards. 


In yards of this class, sometimes 


known as « Push and Pull » yards, 


« Link and Pin », or « Tailswitching » 
the movements through the yard are 
made by a switching or possibly by a road 
engine, alone. Such yards are neither 
efficient nor economical in operation, 
but there are many localities, specially 
in congested districts, where nothing else 
is possible and it is particularly true of 
yards of small capacity and handling a 
limited business. The design of such 
yards is usually attended with conditions 
which leave small latitude to the in- 
genuity of the designer as to development 
of economies. In them every car is re- 
quired to be placed by a special move- 
ment of the engine. On account of their 
disadvantages in operation and the un- 


certainty of the conditions surrounding 
their design they will not be considered 
at further length. 


2° Poling yards. 


Yards of this type are so superior to 
the plain « Shunting » or « Push and 
Pull » yards that their design warrants 
the most careful study. They are un- 
doubtedly one of the best methods that 
can be used for the separation and clas- 
sification of cars, but not the most econ- 
omical except in cases where the volume 
of business handled is small. They re- 
quire a separate track alongside the en- 
trance to the yard on which the « engine 
or ram car » can be operated. This en- 
gine, or a specially constructed « ram 
car » has a pole attached to it which is 
operated so as to come in contact with 
the « poling pocket » on the last car of 
the cut to be made. The ram car is 
usually equipped with four poles, two on 
each side, one forward and the other in 
the rear. 

The operation of poling is hard on the 
equipment. The cars require a heavy 
start and this action is hard on the en- 
gine. Without an assisting grade, a 
heavy business requires the incoming 
train to be pushed by an engine, as the 
« eut cars » are pushed ahead by the 
«ram car ». <A descending grade of 
0.5 % is valuable but even 1.0 % may 
not be too steep. In some cases the pol- 
ing may be done directly from the re- 
ceiving yard into the classification yard. 
An advantage of poling yards is the 
facility with which cars may be started at 
varying speeds in entering the classifi- 
eation yard. Differences in character of 
equipment; whether the cars are loaded 
or empty and similar conditions make 
the poling proposition a very elastic one 
to suit varying conditions. Again, a pol- 
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ing yard when it has the assistance of 
gravity has much in its favor. 


3° Hump yards. 


The American Railway Engineering 
Association has in its 1921 Manual laid 
down certain facts relative to yards of 
this class, which are so well expressed 
that they are given in full as follows : 


1. Hump yards should consist of re- 
ceiving, classification and departure 
yards in consecutive order. 

2. A hump yard is a desirable form 
of yard for receiving, classifying and 
making up trains, because a greater num- 
ber of classifications can be made in 
less time and at less cost than through 
any other form of yard. 

3. Receiving tracks should be of suf- 
ficient length to hold maximum trains 
of the various classes handled. 

4, Receiying tracks should be suffi- 
cient in number to hold-a number of 
trains arriving in quick succession. 
Yhe number will depend on the amount 
and character of traffic handled, and 
upon the relative location of the yard 
with respect to the other yards and con- 
nections. 

5. If it is possibie, the grades of 
the receiving tracks should be such that 
one engine can push the maximum train 
over the hump. 

6. No definite recommendation can 
be made as to the length or number of 
classification tracks, except that when 
they are to be used as departure tracks 
they should be long enough to hold full 
trains; and that when conditions permit 
there should be as many of them as can 
be used to advantage to avoid subse- 
quent classification and consequent delay. 

7. Departure tracks should be full 
train length and of sufficient number 
to provide ample standing room for 
trains while being tested for air, and 
while waiting for engines. 
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to the lower ends of classification 5 
tracks. ‘ 
: 10. The hump profiles in figure’ cia 

are recommended as follows: No. 1 for © 
; ‘cold climates; No. 2 for moderate clim- — 
ates; No. 3 for warm climates. These 
are for humps with track scales and 
operating a mixed traffic of merchan- 
‘dise and empty cars. — Sh 
11. Where traffic or limatic ‘condi- rece 
tions require, the summit of a hump may ¢ 
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Me “ te a be made higher ’in the winter and res- rated. on v as 
2 Pe j tored when the increased height is not b divided i 0 
needed. Pp 


12, When required by traffic condi- esa 


Form for cut list system of ‘handling cars on ‘the: hump. ; 


Cut list. Cut ate 


No. Cars No MCars* «! No. 


_ No. of cut. of track. in cut. oftrack. | in cut. of track. | 


Where switches are thrown from a 
lower one copy of the list is given to 
the towerman and one to the man cut- 
ting off cars on the hump. 

Where switches are thrown by hand, 
cach switch tender has a copy of the 
cut list, as well as the man cutting off 
cars on the hump. 


The hump yard has in the past 
25 years come into such general use that 
it has practically become standard on all 
roads where conditions allow it to be 
used. It is stated that probably the 
largest yard in the United States of this 
kind is the Chicago Union Transfer 
Railway at Chicago, Ill. It is over 
25 miles long, contains 105 miles of 
track and will hold 14000 cars. 

The ease with which the hump can be 
used to facilitate classification and the 
advantages of operating yards econom- 
ically has caused it to come into general 
use. It is specially adapted to cases 
where a large volume of business is to 
be handled. The question of gravity 
- assisting grades in hump yards is one 
of the most difficult parts of the design 
specially when the yard is used with 
separate receiving, classification and de- 
parture yards. 


The Committee on <« Yards and Ter- 
minals » A. R. E. A. in 1914 reported on 
several features of the design of hump 
yards (vol. 15, p. 131) from which the 
following are abstracted. 


«Reports from 24 yards show that at 
least 800 cars must be handled daily to 
warrant the use of a hump yard. 

29 hump yards reporting show that 
16 have departure tracks and 13 have 
none. This same Committee in 1922 fail 
to agree on a recommendation as to the 
necessity of departure tracks. 

Of 15 yards reporting, 9 have scales 
on the hump and 6 have none » | ~ 


The hump may be frequently intro- 
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duced in an existing yard with light 
business and effect economies in oper- 
ation. 


4° Gravity yards. 


Yards in which humps are not used 
and which are operated only by the use 
of grades sufficient to make the neces- 
sary classifications, are rare because it 
is extremely difficult to find topogra- 
phical conditions such-as will allow a 
design to be made with economy. When 
however such a location can be found 
it makes an ideal condition from an 
economical standpoint as the movement 
from the receiving yard into and through 
the classification yard can be made with- 
out any additional power. The difficulty 
is in finding a broad tract of land with 
a descending grade sufficient to allow 
cars to move by gravity at any point. 


General discussion. 


Based on information received from 
the questionnaire and other available data 
the following points are elaborated upon 
in some detail as representing what is 
believed to be good practice in the 
Layout and Organization of « Shunting » 
or « Classification » yards. 


Layout and organization. 


Organization. — The organization of 
a yard consists of foremen, general yard- 
masters, yard engine and train crews, 
clerical forces, transfer laborers, switch- 
men. The size of the force depends on 
the size of the yard and the amount of 
traffic handled. A very high grade of 
man is required in the official and 
supervisory positions on account of the 
peculiar conditions which are always 
changing. 
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Design. — The majority of the rail- 
roads reporting appear to favor the 
« Hump yard » as the best means of 
classification. There are also several 
cases of « Gravity yards » which are in 
use where the local conditions favor their 
construction. 


Grades. — This question is a very dif- 
ficult one to summarize. Anything but 
very complete plans would fail to show 
the essentials. .An attempt has been 
made to show on the plans of the yards 
submitted the essential grades. 


Number of tracks. — The number of 
tracks required of course depends on the 
general location of the yard with refer- 
ence to other yards and terminals and 
also with reference to the amount and 
diversity of traffic, classifications re- 
quired, etc. 


Car capacity. — The capacity of the 
yard in cars can probably best be de- 
termined by comparing the capacity with 
the number of cars handled in 24 hours, 
or its equivalent. 


Radii of curves and frog numbers. — 
It can be safely said that the minimum 
radius of tracks is about 500 feet and 
the minimum frog number should not 
be less than No. 8 (ratio 1 to 8). 


Location of main tracks. — Probably 
the majority of the large yards are 
located with the main running tracks 
located on each side of the yard with the 
yard itself and all of its appurtenances 
located between. This is preferable for 
many reasons principally because there 
is no interference with the operation of 
the main tracks by shifting in the yard 
and passage to and from the engine 
facilities. In some cases however the 
main tracks run through the centre of 
the yard. 


Weight of rail. — The weight of rail 
in yards is generally the same or 
slightly less than in the main running 
tracks, unless the running tracks are laid 
with very heavy rail. From data ob- 
tained it would appear that weights of 
rail run from 85 to 105 pounds per yard. 


Track scales. — Scales with a capacity 
of 150 tons and a length of from 50 to 
60 feet are generally used. Single scales 
are most frequently used. It is not the 
practice to use mechanical humps before 
reaching the scale and a dead track is 
almost always used over the scale. 

‘When track scales are used in hump 
yards they are usually placed from 100 
to 150 feet from the summit of the hump. 
In other yards local conditions determine 
their location. Where cars are weighed 
while in motion speeds of from 3 to 
4 miles per hour are customary. 


Car repair tracks. — Ample tracks 
must be provided and set aside for hold- 
ing cars for repairs. 


Engine repair tracks. — In connec- 
tion with the engine facilities, tracks 
must be provided to take care of light 
repairs. They should be located ad- 
jacent to the engine house. They should 
be located so as to he in regular sequence 
to the movements of the engine. Arran- 
gements should be made so that yard en- 
gines can have their fires cleaned and 
can take coal and water without inter- 
fering with other engines undergoing 
inspection and or repairs. 


Advance yard. — There is a decided 
difference in opinion concerning advisa- 
bility of having an advance or receiving 
yard for holding trains before they reach 
the classification yard, but, if a 
« Hump » or « Gravity » yard is used 
and the traffic is heavy and liable to 
be bunched at times, such yards are 


almost indispensible. 
yards are so provided. 


Most of the larger 


Auxiliary sorting yards. — Such yards 
may be advisable if they can be secured 
advantageously, specially where the clas- 
sification tracks are not long enough to 
hold full length trains. 


- Air brake testing. — The departure 
tracks specially should be provided with 
piped air lines from a compressor to test 
the air brakes so that all cars can be 
tested before the train leaves the yard. 
If there is no departure yard the tracks 
in the classification yard should be so 
equipped. 

Thorofare tracks. — The best practice 
always provided thorofare or some 
special tracks to insure the prompt move- 
ment of road engines free from yard in- 
terruptions. These tracks can also be 
used to pass trains ee through the 
yard if necessary. 


Caboose tracks. — Tracks for holding 
cabooses ready for trains to go on the 
road should be located so that cabooses 
can be handled with the minimum 
amount of switching. 


Turning engines. — In practically all 
yards engines are turned on engine turn- 
tables although an auxiliary « Y » or 
loop is of great advantage if it can be 
located without interfering too much 
with the other yard facilities. 


Jitney service for hump brakemen. — 
In hump yards, facilities should be prov- 
ided to transport the hump brakemen 
back to the hump. An engine or motor 
cars are usually used for this purpose. 


Operation. 


The Conimittee on Yards and Termi- 
nals, « American Railway Engineering 
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Association », in volume 15, page 131 
(1914), summarize a number of points 
derived from a questionaire sent out at 
that time from which the following notes 
are abstracted. 

The questionaire related to « Hump 
Yard » but at least one question related 
io the operation of flat vards. 

«28 hump yards reported an average 
cost of 21.2 cents per car for handling. 

11 flat yards reported an averge cost 
of 22.91 cents per car. 

22 hump yards reported an average 
of 72 cars handled per hour. 

24 hump yards reported an average 
of 1973 cars handled per 24 hours. 

24 yards regulate the number of car 
riders according to the business, in 
sight; 4 have no definite rule and 1 fig- 
vires on the basis of 7 cars per rider per 
hour. 

23 yards maintain an extra list of car 
riders and draw on it as required; 
4 maintain an extra list of switch tend- 
ers and use switch tenders as car riders 
as required » 


Reference is made to appendix 1 as to 
details of operation of the various rail- 
roads reporting on the question of 
« Operation ». 


. SUMMARY. 


The subject matter reported upon in- 
volves the consideration of yards under 
the following nomenclature : 

4° Shunting yards; 

2° Poling yards; 

3° Hump yards; 

4° Gravity yards 


and the summary of the investigation 
appears to warrant the following con- 
clusions : 


1° Shunting yards sometimes known as ° 
« Push and Pull », « Link and Pin », 
or « Tailswitching » are the most. com- 


are thet more Eee than the 
ae eae The y re a 


oust the ‘cost of their construetion. 


3° Hump yards, where | the cars are 0 be built wit 
pushed over a a into the classifi- : 
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APPENDIX I. 


QUESTIONNATR 


Shunting yards : 


Shunting a 


ORGA 


DESCRIPTION. 
s Supervisory _ Is your car 
S inspection force 
= Name of railroad. Name of yard. Location of yard. officers properly 
8 constituted, locate 
: and employees. and equipped. 
COLUMN. 1 2 
1| Elgin, Johet & Hast- * nie Officers .... 25 
ern Railway Co. eae te Misobs. Employees . 2109 23 
2| Delaware, Lackawan- Officers? 20 
na & Western Rail- Secaucus. New Jersey. B ot von TaS Yes 
road Company. a ONS aate 
2 pases ee: Keyser Valley. Scranton. 
road Company. Hump Yard, Pennsylvania. 
41 New York, New Haven Ahioors 50 
& Hartford Railroad Cedar Hill. Connecticut. ki ae ses. 1032 Yes 
Company. Se eae 
5| Lehigh Valley Rail- Officers: jcc (glo , 
road Company. Manchester. New York. Employees 430 Yes 
a ; : Stalioned where 
6| Chicago, Milwaukee ‘ 
é& St. Paul Railway Bensenville. Illinois. ries ‘< ae needa 
Company, at all times. 
i AAG ‘ superintendent | 
7| Canadian Pacific Rail- ee trainmasters, foremen, | 
way Oompany. North Transcona. | Manitoba-Canada. switchmen, inspectors, Yes. 
8| Erie Railroad Oom- : = Officers...4... 54 
pany. Poe. New York. Employees... 983 it 
9] Bessemer & Lake Erie . : Officers...<.. . 19 
Railroad. Campane Albion Erie Co., Pa. Employees... 234 Yes, 
ie Superintendent, 
trainmaster, 
10| Baltimoreé Ohio Rail- F Frederick Co., yard masters, 
road Company. sages Maryland. foremen, inspectors, =, 
switchmen 


and laborers. 


STIONNAIRE. 


9 you hare 
oyees assigned 
take care General purposes 
f cabooses of yard. 
3 1 


Yes, 
No. - - 
ill supplies o relieve 
obtained congestion al 
‘ conductor. Hoboken. 
Classification 
of coal originating 
c in the anthracite 
district. 
To provide facilities 
Yes. for 
classifying trains. 
labooses are 


ip ied by crews 


iieten care Classification yard. 


To provide 
terminal facilities. 


General yard 
purposes. 


thooses clean 
id car staff 
die all supplies. 


. train crew 
nd supplies 


Making up of trains, 
classifying loads 
and storage. 


To receive, 

classify and 
dispatch trains 

on B. & O. system. 


r their own 
es and secure 


alling yards for goods trains. 


Specific purposes 
of yard. 


Classification of trains. . 


Classification 
of trains. 


To relieve nearby 
yards and classify 
coal near center 
of production. 


To expedite 
movement of 
freight. 


Division terminal 
and tranfer station. 


For receipt, 
classification and 
dispatch of road 

freight 
Receiving, 
classification 


and forwarding 
of trains. 


Classification and making up 
of solid trains for various destinations 
and junction points. 


Making up 
ore trains and coal 
trains. 


To receive 
from and forward 
to individual 
terminals, 


APPENDIX f. 


In design 
of yard what 


method of operation 


do you favor. 


Gravity. 


Hump. 


Hump yard where 
there 
is a considerable 
volume of business. 


A hump and gravity 


combination. 


Hump. 


Hump, where 
traffic is heavy, 
otherwise 
push and pull. 


Grades on approach 
to summit 


and down to the end of yard. 


Do not use hump yards, 


Freight: +2.75°/o for 400 ft.; 


— 1.5 °/, for 380 ft. 
Average : + 0.42 °/, to end. 
Coal : + 2.5 °/o for 240 ft. 

Average: —1.43 °/o for 950 ft.; 
+ 0.15 °/, to end. 


+ 2.0 /o with 30 ft. v. c. 


— 2.0 °/, over scales. 

— 3.5 °/o for 200 ft. 

— 2.0 °/o for 300 ft. 

— 1.2 °/0 for 400 ft. 

— 0.5 °/o and level to end of yd. 

Receiving yard level 
or slightly. descending grade 
toward the hump. 


+ 1.5 °/ for 25 feet +. 
Level for 29 feet +. 
— 4°], for 37.5 feet. 
— 0.8 °/o for 89 feet. 
—3o/, for 100 feet. 
— 41.25 °/, through yard. 
West bound : 
-++ 2 °/5 approach. 
— 2°/, for 150 feet. 
— 8/9 to —0.5°/o for 4 300 ft. 


Pull and push 
or hump according 
to amouut of business. 


Hump. 


Push and pull used. 


Favor a hump 
or summit yard. 


* Grades shown 
on plan are satisfactory. 


+ 3.166 %/o tor 120 feet. 
— 1.85 °/o for 200 feet. 
— 1.05 °/> for 200 feet. 
— 1.25 °/, for 200 feet. 
— 1.133 °/o for 150 feet. 


No hump in this yard. 


+1 ft. in 60 ft.; — 2 °/> for 
60 ft.; vertical curve for 
40 ft.; —4/o for 50 ft. 
vertical curve for 4155 ft.; 
4 Jo through ladders and 
0.5 °/, to end of yard. 


pany. 


road Company. 


. 


way Company. 


The Oentral Railroad 
Company of New 
Jersey. iyi 


\ 


“The  Ohicago, Rock | 
Island & Pacific 
Railway Company. 


Reading Company. .- 


| Southern Pacifi > Com- : 2 


12| NewYork Central Rail-| 


“The Atchison, Topeka 
& Santa Fe Rail- | 


Argentine. 


Hts, een 


Roseville. - ; 


l4g|. Pennsylvania Railroad 


Reading Company. . | 


eSystem: ieee ala } 


Allentown.” 


New York. 
7 * 3 


Pennsylvania. 


"Sirist 


Illinois. 


Pennsylvania. x 


w 


Pennsylvania, 


| Officers. 


Employees. . 


Officers... a 
Employees 
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1it—45 
halling yards for goods trains. 
ON. DESIGN. 
Do you have 
loyees assigned : - In design 
9 take care General purposes | Specific purposes of yard what 
of cabooses of yard. of yard. method of operation 
handle supplies do you favor. 
for same. 
3 1 z 3 
Break up 5 ee net Posh and pull; 
oes and make up yard. wearin te Teatinations shunting. 
Receives freight from 
Yes. points Hast and West, making all general | Hump or summit. 
classifications accordingly. 
This work Blocking out trains Sorting cars ; 
andled by road for points Hast for grain elevators, ee “ee 
; : 2 ump method. 
crews. and West. oil refineries, etc. 


é of cabooses is 


y of train crew. Interchange ie : 
Supplies are of traffic between eae - eee ‘ pela 
nished at other railroads. E Salon. eee : 
terminals. 
Receiving, Trains from , ae é 
LST. hig four divisions are where traffic is heavy 
Yes. classification Ronsaltinted and OtROUIaS y 
and departure. classified at this yard. push and pull. 
‘tes * Weighin 
Handling ging : 
y : é ss : vity. 
No Auiiccasiiewanay: and classifying Gravity 
coal and freight. 


Sub-store house 
ast bound yard. 
) one assigned 

0 this work. 


Division terminal 
point for bandling 
‘power and cars. 


To classify cars , 


in solid trains. Buen Viokprabions 


' Receiving, classifying 


___ and forwarding freight trains. _ EARP RELI 


W.B.:—1.5 °/, for 4 660 feet. 


APPENDIX I. (Continued ) 


Grades on approach 
to summit 


and down to the end of yard. 


No hump in Roseville yard. 


0.0 °/o for 40 feet. 
3.5 °/o for 200 feet. 
Aver. : 1.25 °/o for 1 000 feet. 
EH. B. : 1.0 °/o for 150 feet. 
0.0 °/o for 40 feet. 
3.0 °/, for 150 feet. 
Aver. : 0.625 °/. for 4 800 feet. 


We have no hump. 


HE. B. 5 + 0.8 og5 4.38 lo to 
2.26 °/, for 250 feet; 

Av.: 0.24 °/o for 2 900 feet. 

W.B.: + 2.4 fo; — 8.5 7/0 
for 100 feet; —0.8 °/o for 
600 feet; — 2.5 °/o for 
4300 feet; + 0.439/) for 
1 400 feet. 


We have no hump yards. 


No hump on account , 
of gravity type. 


W.B.: +4.0 °/o for 450 feet. 
—2.5 °/» for 200 feet. 
Level for 3 200 feet. 
H. B.: + 2.6 9/0 for 70 feet. 
— 2.0 °/ for 100 feet. 
— 0.99 °/o for 4 400 feet. 
— U.64 °/, for 102 ft.; verti- 
cal curve 40 ft.; — 4.0 °/o 
for 50 ft.; — 3.0 °/o; for. 
80 ft.; — 2.3/5 for 100 
{t.; —4.7°/, for 400 ft.; 
— 1.3 °/o through ladders ; 
average: —0.3 °/o to end 
of yard. 


_ Name of yar 
2 oN 


4 | Elgin, Joliet € E 
ern Railway Oo 


AN 


,, Lackawan- 
Western Rail- | 


- Lackawan- | 
ae estern Rail- | 
| road Company. 


Keyser Valley. — 
_ Hump Yard. | 


“ 


af 


ae a a ae ae ¥ 


New York, New Haven 
é& Hartford Railroad | 


_ Company, 


Lehigh Valley Rail- | 
road Company. 


e 
or 


Manchester. | New York. — 


os * i 
ay é. 
al “ 
*~ Ps 
ae REPS yt bh ea ee 
A ~ hd ae a 
z . 


Be aie: “116 Chicago, Milwaukee 
oa é St. Paul Railway 


Bensenville. —  dlinois. | 
Company. ; ; eek ey 


7 | Canadian Pacific Rail- | 


é ft | way Company. 


oe || 8 | Erie Railroad Com- ones iat ae 
pany. |. ae 


i < . 


'_ de tea 
eed ae cs 
. se A 
< 
a P 
ded , - 


- {100 Ib. and 80 1b.| 


- 


Outside of y 


4100 Ib. 


yn outside and through 
center of yard. 


Outside = | 
ye yard. Ly 


|Through middle of yard.| 


4051b. | 


Wye track at end — 
of yard 
opposite turntables — 
‘and clear of yard. 


‘East leg 520 feet long. 
West leg 550 feet long. 
48° curve. 


Tail track 80 feet long. 


None. 


None. 


ety Da it se 


‘Albion. 


} ‘Brunswick. 


Py || t ae 


_ Southern ‘Pacific Oom-— 
pany. 


NewYork Central Rail- 
road Company. 


The Atchison, opews 
& Santa Fe Rail- 
, way Company. ‘ 


Argentine. 4 


The Eien Railroad 
Company of New 
_ Jersey. 


Allentown. 


I 


The ‘Chicago, Rock 
Island & Pacific 
_ Railway Company. 


St. Clair. 


Reading Company. . 


Reading Company. . Rutherford. 


Pinallemas Railro ad 
_ System. 


—| Wye track. 


| General description. 


_ 45° curve on two legs 
No. 8 frogs. 


E i 
= = = = a 


No wye at this yard. 


sea i Fo ; =e I West leg on 8° 46'curve. 
4 Genter ayer iy 90 Ib East leg on 10°15’curve. 


~ 


t 


| Wye or loop — 


a ypoelt ond 80 The | track 12° 52! curve. 


2 pate i meth “ 
AB feet. ; ’ Passenger on South . = Hast leg 13° 00' curve |] i es 
es |& freight on North side. | BOT ee oye. a, 10500) carton = ae ae 
. PALS = , ; : 
mat 40 feet. ; i, _ | Along one side of yard. 400 lb. ~ No-wye tracks used. ‘= 
Fe é . is i. < ‘7 . ; “a 
400 lb. None. 
Us ~ 2 i ed & “ 
yeas = 5 oye ee 90 lb. | Loop track in place : 
fo bow pees 100 lb, of wye track. © jf —- 
On both sides. 400 lb, ‘None. ant 
ee poe f Font ad a. = 


|< Worn rails — 


On either side of yard. |reom main track. | 


Name of railroad. ' | Name of yard. | ‘Location of yard. | 


Index number, 


COLUMN. . 


Elgin, Joliet & Hast- 
ern Railway Com- 
pany. , 


Eat Joliet. ‘Illinois. = |... | 400. 


Delaware, Tachkawon- 
na & Western Rail- | 
road Company. 


Secaucus. New Jersey. 


Rear Erne se Keyser Valley. Scranton. ' | There is no weighing] No | No. 
road Company. Hump Yard. _ Pennsylvania.. done in this yard. | scales. | | 


= 


New York, New Haven | - 


Cedar Hill. 54 | 150 | Pair. 


é Hartford Railroad | Connecticut. 54 | 150 4 


Company. 


’ y ne jE ee [ee ee 


52 [450 | 4 | 


Lehigh Valley Rail- ayy te 
(Coxton yard) oer 


road Company. New York. 


Manchester. 


Chicago, Milwaukee 
& St. Paul Rathway | 


Bensenville. 
Company. : 


Illinois. 


; 
‘Manitoba-Canada 


1 


Canadian Pacific Rail- 
way Company. ‘ 


North Transcona. 


Brie Railroad Com- | 
pany. 


New York. 


Port Jervis. 


ee SS ee 
a ET | Sr EE 


Bessemer & Lake Hrie 
Railroad Oompany. 


Erie Co., Pa. 


Advise facilities 
for car repair, 
storage 
of materials 
and 
engine shops. 


14 


18 locomotives. 
3 200 cars light. 
4 600 cars heavy. 
Repairs per month. 


8 car repair tracks. 
Lumber stored 


i material building. 


3 car repair tracks. 
24 cars capacity 
built 
on 20 feet centers. 
Large engine 


and car repair shops. 


Light repairs to cars. 
Locomotive repairs. 


Made 
in machine shop. 
Mill building. 


_ Car repair tracks 
for 80 cars. 

_ Limited supply 

of material. Light 
repairs to engines. 


Car repair tracks 
for 260 cars. 
Locomotive repairs 
at engine terminal. 
Material stores. 


160 cars capacity. 
0 stall engine house. 
aterial stores, etc. 


8 car repair tracks. 
32 stall engine house. 
Car and engine 
repair shops. 


and engines, 


is stored. 


i car repair tracks. 


ight repairs to cars 


ery little material | in this yard. 


JESTIONNAIRE. 
arshalling yards for goods 


trains. 
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APPENDIX [.. (Continued.) 


DESIGN. (Continued.) 


a a SSS EEE SSS SS 


“Is Bea noe 
an advance | Advisability 
aa of providing 
d ae ile an auailiary 
of sort? ie d 
necessary. DU GILL Aa 
15 16 
i 
Yes. No. 
Yes, 
when traffic No. 
is heavy. 
Yes, 
when a full Yes, 
train can for better 
be placed on | grouping. 
one track. 
lt is 
desirable. es 
. Not 
No. necessary. 


Yes, 
if outbound 
cars 
accumulate. 


Not required at this yard. 


Yes, 
with hump Yes. 
operation. 
Not used Not 
necessary, 


Bad order 
and 
repair tracks 
so located 
as to require 
the 


least amount 
of 


engine service, 


with respect 


to engine 
service. 


Yes. 


Yes. 


Yes. 


Are 


compressed | provisions have 


air lines 
installed to 
charge brake 
equipment, 


Yes. 


Yard is 
so equipped. 


Yes. 


Yes. 


No. 


What 


been made to 
insure prompt 
movement 
of road engines. 


Separate 
running tracks. 


Run around 
tracks 
are provided. 


Crossovers 
and slip 
switches at end 


of receiving yard. 


Separate 
receiving 
classification 
and departure 
units. 


Separate tracks 
for 
west bound 
engines. 


Running tracks 
and exclusive 
engine tracks, 


What 
facilities have 
you for trains 

passing through 
the yard wtth- 
out switching. 


20 


No trains pass 
through without 
switching. 


Main tracks 
and crossovers. 


Long tracks 
along side 
of classification 
yard and 
main tracks. 


Trains run 
direct to 
departure yard. 
Change crews 
and power. 


Such trains 
pulled in on any 
available track 


Trains occupy 
tracks set apart 
for through 
movements, 


Main and thoroughfare 
tracks; see plan. 


Thoroughfare 
tracks 
so located. 


Separate tracks 
to and from 
engine house. 


Hither on main 
tracks 
or through 
thoroughfare 
tracks. 


Trains use main 
track or the 
running track. 


Weel r« Vis ~ ‘ 
Fo Fe i q 8 


| Name of railroad. | 


"Baltimore Ohi 
road Comp 


’ =P f 


“Southern PacificCom-| — pogevitle. 


— - - SS - 
j A 4 Su : 
a) 


\ NewYork Central Rail-: ae ag ae ‘if 
road Company. af Selkirk. 9 
The Atchison, Topeka en ieee 
& Santa Fe Ratil-| Argentine. 
way Company. — 
The Central Railroad | 


Company of New| Allentown. 3 
Jersey. Si Pe ate. 


: ey 


Pennsylvania. 


The Chicago, Rock| . - 
Island & Pacific } AOUVsas 
Railway Company. © eae 


St. Clair. 


sie Co ae i 

: ; i ee 

a ql. . j iy 7 sha : a j ed os 
bine 17| Reading Company. . Rutherford. Pennsylvania.. | 


as Has | Pennsylvania Railroad 
= | System. ; 


pw at © SE oe a en 
_ Pennsylvania. 
' wn, a 


r 


TESTIONNAIRE. 


1 shalling yards for goods trains. 
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APPENDIX I. (Continued:) 


DESIGN. (Continued.). - 


Advisability 
of providing 
an auxiliary 
or 
sorting yard. 


Advise facilities Ts 
for car repair, an advance 
_ . storage yard 
of materials desirable 
and or 
engine shops. necessary. 
14 15 


Only running 

and light 
repair work is done 

at Brunswick. 


long 


No need if tracks are 


enough 


‘to hold maximum trains, 


Bad order 
and 
repair tracks 
so located 
as to require 
the 
least amount 
of 
engine service. 


Conveniently 
located and 
cause little 

lost motion. 


Are 
compressed 
air lines 
installed to 
charge brake 
equipment. 


Air lines 
should 
be installed. 


Yard 


ee 


475 car capacity Yes, 
repair and engine if space No. 
storage yard. is available, 

9 car repair tracks. 

400 car capacity. Only with 
Machine shops Yes reclassitica- 
30. aod 32 stall. tion yard. 
engine houses. 

Car repair sheds. Yes if 

Repair tracks 104 | Would favor Meatanne’oe 

car capacity. an advance | tafe 
Machine shops yard. : 
_and store house, Me Fed es 
Only minor repairs Desirable Not 
-are performed but not et ee 
at this yard. necessary, J: 
‘District shops and 
store house of large Not if Not 
_ capacity. departure 
Car repair facilities | yard is large ipepecanle 
for approximately enough. }- us are. 
20 cars. 
Uar shops equipped 
0 handle all repairs. 
’ Engine shops Me Mo: 
andle light repairs 
Car shop 
600 > 1 255 feet. ze ee 
torage of material | — Pane Desirable. 
or what is required |: ear 
- in 48 hours. 
‘These features are Yes. 
Benen upon | where traffic a fines 
yhether the yard is is small bhave a 


in lieu of 
advance yard 


a terminal or 
2 route proposition. 


7 


= 


sorting yard. 


IiC3) oe 
for eastward 
movement. 


—— | — |_| 


Departure 
yards are so 
equipped, 


Road engines _ | yard is provided. 
use round house |. Do not go into 
without fouling. | . classification 

yard 
Independent 
lends ta 
~ round house None 
to west 

bound yard. 

By ‘subway, Thoroughfare 
independent tracks 


Thoroughfare 


Thoroughfares 


What 
provisions have 
been made to 
imsure prompt 


What 
facilities have 
you. for trains 

passing through 


movement the yard with- 
of road engines. | out switching. 
19 20 


Solid train 


running lead and | in each direction 


thoroughfare | Jocated on-inside 
tracks. of yard. 
Trains passing 
Tracks through are 


infrequent but 
would encounter 
no delay. 


are so arranged. 


Trains do not 


tracks pass through _ 
for road engine | yard without 
movement. switching. 
Indapentient Trains received 


: igned yard 
running tracks | 0” 48818 dye 


; track and depart 
provided and 
after necessary _ 
kept clear. attention. 
Ideal SPhoroughtare 
tracks 
aie 2 of are provided if 
- necessary. 
Thoroughfare aha 
tracks to wae 


main tracks. 


desired points. 


Relay tracks are 
provided upon 


and run-around ‘ ’ 
which trains are 


tracks inspected and 
at congested change of crews 
points. and power made. 


Name of railroad. Name of yard. tbe Location of yard. 


Index number. 


Should have = 


iS eS og Bh ya "hs5 15 tracks 
Elgin, Joliet & Hast- < : ae: 
‘ern. Railway Com-| — East Joliet. Tiinois, «(| 49 seReranapant 


BUI additional tracks # 


wk * 
es Delaware, Lackawan- : 
; na & Western Rail- Secaucus. 
a road Company. 
4 
." ~ Locate 
A : ‘ engine house, | 
; Delaware, Lackawan- “Valle et pits, ete. Between 
- na & Western Rail- Reve vay : Pas ee ae the two humps. 
road Company. ren cle Ueto e running tracks 
(Ane in ei er  dinecion | 
Engine facili ties 
New York, New Haven Se for support. 
é¢ Hartford Railroad Cedar Hill. and freight 
- Company. ae lee oeuns located : 
pened IES yard. | 
ate sate 
‘ All needed oe 
Lehigh Valley Rail Manchester. New York. 
road Company. 
“3 


Chicago, Milwaukee < te ; shops ee 
pepe Bee, ‘inois. ‘ : : et x 
pe hee pen Gh Bere Mines. h r ee et _ running tracks” 
pany. ; . and ie 


a i 


if Are coaling, ashes | 

q pit and engine tracks 
re | so located that they 
the best | can be used in — 
veighing. | convenient rotation. 


o motion weighing. 
elf 


a 
| ee 
: ie r + * 
ke 7 n rs: “- * ; | 4 
| Track scales: In this Yard. Yes. ae 
No cales i h Y ; ‘ . 
“used in this yard. Sp OC = a 
3 or 4 mile, : ; {e. 
per hour. approximately 4 of, Yes. 
75 feet to end 0.8 Jo. 
of scale 4 miles per hour. Minimum : 0.6 °/o. 
| nearest to summit. (Replies = | Maximum: 1.0 %/o. Yes. 
(Replies for Coxton yard.) - (Replies ¥ 
| for Coxton yard.) for Coxton yard.) 
indicated — ell es Oe k 
, have been © hdd Vet 0.6 to 0.9 %/o. tome CSt 
tisfactory PEEOURE: «3! 


way Company, 


* 


Erie Railroad Com- | ~~ 
pany. ; a 


Rego 1: eS rs 


Bessemer & Lake Brie | e+ wees = re) 
Railroad Company. ne ‘ 


one Roseville. | California, 


Southern Pacific 
Se BOM ee Po hs 


NewYork 0 entralR ail- 
road Company. Ok 
a instep Seip eae 


1 


13| The Atchison, Topeka | 
&€ Santa Fe Rail- 
way Company.. 


Seales not on hump. 


¢ 


About4 miles |  _,Sixtenths 
Le Es WER of one per cent 
oe enhe “> | descending grade. 


he = j Neen aWouldar e 
legper hour. | Micimom 0.5. 
et = > Maxima: 0.75 fo. 


i 


per hour. 


- 


| Not over approximately | 
4 per cent. 


have no hump. We have no hump. 


ats 


et: 


/ 


ier 2. 
i 


wi | i oe 


The Central Railroad | Pe ie: 
Company of N ew | Allentown. 
J ers 4 


{ 
i 


i 


145] The Chicago, Rock | — 
Island & Pacific | Silvis. 
Railway Company. — : 


facilities near 
center of yard. 


me ‘Road engine . 
: around ¢ eh 


1116] Reading Company. .|. St. Clair. — Pennsylvania. — 


Elimination of 
points of contact 
between road and. 


17| Reading Company. . Rutherford. Pennsylvania. i 
‘ | All ear ; movenients } 
in direction of their | 


destination, = | — 


4 


18 Pennsylvania Railroad — 
System. 


= | - “ Wo 
ur, | hat rate of ae dre coalings ashes |} 
¥ i wd uld you recommend | pti and engine tracks |} 
d | onand over track so located that they 
| pabailer: for the best can be used in 
motion weighing. convenient rotation. |} 


No motion a ee 4 
weighing performed | No motion weighing. No such facilities. f 
| in this yard, 


aries arom Maximum : 1 °/o. 


4 to 6 miles per poite ase Yes 
howe Minimum : 0.6 °/o. ye 
Gravity yard i ¥ F 2/9 over scale — : 
| hence no distance 4 miles per hour. followed by a 3 °/o Yes. 
_|from scale to hump. descending grade. ‘ : 
Do not ihre Do not have Never operated scale 
7 ae under described | : Yes. 
| these conditions. these conditions, haatanns: 
From one : Yes , can be used 
60 feet. | to one and one half 0.8 °/o. ; 


< ; in proper sequence, 
miles per hour. eae tae 


DESCRIPTION. > 


Name of railroad. | Name of yard. Location of yard. 


'% a 


1 | Elgin, Joliet & Bast-| 
ern Railway” Com: 4 - 


pany. 


East Joliet. 


et a et vag. ee 


By be 2 | Delaware, Lackawan- 
wae road Company. t 


Brea 
= 


- Keyser Valley. 
Hump Yard. 


wo. 


Delaware, Lackawan- | 
na & Western Rail- ; 
road Company. 


_ _~ Seranton. 
| Pennsylvania. | 
—- , as 4 ’ 


Z 4 | New York, New Haven 
& Hartford Railroad| —_ Cedar Hill. 


wie } Company. 
wa 
: se | | Est si 
... |5 | Lehigh Valley Rail- : : ae 
= I. | “read Company. | Manchester. | New York. 
sand ! ( 
es = ; : Fi fe ee es 
— 6 | Chicago, Milwaukee| | =, | Engine facilities 
| | & St. Paul Railway|- Bensenville. ot 
is H Company. — ee eres F. 
= j 2 2 a en oe 
a |7 | Canadian Pacific Rail- - 
. |--+—-way Oompany. ._.. Kee Berea 
= i, “ r _. : 
Po, 8 | Erie Railroad Com- F 
peas | pote Port Jervis. 
- [9 | Bessemer & Lake Brie ck 
* Railroad Company.| tbion. 
= <= = ! a 7 - - - 


, 
7 

‘ 
a 
: 


ae peep ite. ee a 


=) and hengine houses. 


t capac 


is pit: 
| 200 ft long. Brick engine 


house ; 82 stalls. 
Brick “power house, 


4260 ton capacity. 
| Ashes pits water cooled : 
200 feet long. © 
Brick engine house : 
Ad stalls. | 


anevitor type coaling 
‘station. 
Crane ashes pit : 
. 44and 30 stalls. 
Engine house. 


ae practically 
acc nines ais 


41200 tons capacity. 

Ashes pit ; 348 ft. long. 

Concrete engine house : 
31 stalls. 

Link belt type 
coaling station. Ash pit 

double track ; 30 stall. 

Engine house, 


- ear 


Ash pits. Wet type. 


| Timber coaling station, 
Concrete ashes pits. 
12 stall brick, 
Engine house. 
4 stalls, French house, 


“I si iy of coaling — at 
| station, ashes pits 


ele 5 ee 5 ae |) 


Frame coaling station ; 


- Concrete coaling station ; 


| Consists gravity pockets. 


Engine house : 32 stalls. 


advise kind and 
: spacing. 


Switch lamps 
and are lights. 


— terminal. 


lamps 600 candle 
power spaced. ~ 
600 feet | ha 


600 candle power 
tungsten. 


Lamps 80 to 35 feet. 


high, spaced 200 


| and 800 feet apart. 


| 500 watt flood ligths 


spaced 
. £50 feet apart. 


This yard is dark, 
Flood lighting 
is recommended, 


Blectrie flood lights | 


placed 
on high poles. 


Arc lamps 
and search lights, 


Flood lighting with | 


» about 10 lights 
erected on tower, 


Yard not lighted, 


“Yard lighting ri a 


Flood lights at the ! 


| Series of tung sten | 


Describe telephone 


"I Nadie telegraph Jeena 


Bell telephone. 


Telegraph lines to yard 
_master and agent’s office. 


Dial system of telephones 
and special telephone~~ 


lines. 


26 telephones 
Private circuit to air 
cabins, 


| Auxiliary service between 


round, 
House and yard. 


Telegraph not provided : 
General telephone system 
connecting all offices, 


Telephone and telegraph 
facilities very good — 
to all parts of the yard. 


All offices, yards, etc., 


are connected by 


telephone and telegraph. 


All offices, yards, etc., 
connected hy telephone. © 


Offices, engine house 


towers, etc. connected by 
telephone; no telegraph. 


All offices and towers 
connected hy telephone. 


Name of railroad. 


Baltimore & Ohio Raitl- 
road Company. 


Southern Pacific Com- 


pany. 


_ NewYork Central Rail- 


road Oompany. 


i 


The Atchison, Topeka | 
& Santa Fe Rail- 


way Company. 


The Central Railroad 


Company of New 


Jersey. 


The Ohicago, Rock 
Island & Pacific 
Railway Company. 


Reading Company. . 


Reading Company 4 _ ; 


Pennsylwania Railroad 
System. 


Name of yard. | 


‘ ae 


Brunswick. 


\ Roseville. 


Selkirk. | © New York. 


Argentine. ~. Kansas: 


> 


Allentown. Pennsylvania. 


St. Clair. 


Rutherford. 


No such facilities. | 


» A 
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TIONNAIRE. APPENDIX I. \Continued.) 
halling yards for goods trains 


DESIGN. (Continued.) 


our crossovers 


arranged Are the caboos2 Advise character 
give the least ‘vacks so located of and give general Yard lightin : 
ter ference that cabooces may t es oe Describe telephone 


Meiianonedy | be handled with description of coaling advise kind and and telegraph facilities. 


ditional ones the leist amount station, ashes pits spacing. 
tin to secure of switching. and engine houses. 
se results. 
ee Li Se) ee ee ee 
29 30 31 32 33 


ew additional Frame coaling station Arc lights spaced | Central switch board with 
sovers might be Yy Ashes pits. about 200 feet lines to all points 
in to facilitate ite With depressed track. apart. in addition 
novements . Engine house : 19 stalls, to side Wires. 
oe Oil fuel used : 
_ ee “ Vea 55 000 barrel storage tank. No Telephones connected 
‘ Two 382 stall engine Lighting facilities. | to central switch board. 
ut in 8 8 8 
P 2 houses. No ashes pits. 
Coaling station 4200 ton | 1000 watt flood 
capacity. Ashes pits lights on poles LAG ie ae 
Wes; Yes. are water type. 75 feet high. Railroad long 


Engine house ; 30 stalls. Spaced approx- 
Engine house ;: 32 stalls. | imately 1500 feet 
Machine shops, etc. apart. 


Mechanical coal plant. 
ssovers seem Beatered Tracks for oil burning 
> well lo-ated. my : ate ae engines. Cinder conveyors 
cae a and ice plant. 


distance lines to division 
head-quarters. etc. 


Complete telephone and 
telegraph to all points. 
Bell telephone 
for public service. 


We have no 
lighting system 
in this yard. 


Caboose tracks 


Additional Two distant and two local 
ssovers would N h facilities Electric lights telegraph circuits. 
not help. No. . rane re nes spaced about Two train dispatching 
mum handling tet aaa 300 feet apart. telephone message circuits 
wranged for. 7 connecting al] points. 
No lighting except Telegraph facilities 
500 ton conveyor type at shops at yard office 
except in one coal chute. Depressed type and ice house. and store house. 
r two minor es: ash pit. 80 and 107 foot One flood light on Automatic telephone 
locations. brick. Round House. coal chute lighting service connecting 
90 foot turntable. - the ash pit and all points 
turntable. and departments. 
no additional Concrete coaling station ; ve Dares eee All facilities connected 
crossovers Yes. crane and bucket ash pits. 100 feet apart by private 
required. 52 stall engine house. lag eae a telephone exchange. 
aggered, 
Gravity wooden coaling Flood system Telephone dispatch 
no additional station; water filled 1000 watt lamps : circuit, telephone 
Yes. ash pits : 19 stallengine | 284 candle power Switch board service 
house. on posts 60 feethigh | and 2 auxiliary magnetic 
Electric turntable. and 480 feet apart. telephone lines. 
Concrete mechanical 
P P Ladders are All departments are 
Yes. goalie h os i re ee flood lighted. inated 
ariaaed Yard-series arcs. by telephone. 


overhead crane. 
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APPENDIX lL. (Continued) 


DESCRIPTION. 


Name of railroad. 


Indca number. 


Name of yard. 


Location of yard. 


QUESTIONNAL 


Shunting yards : Shunting 


OPERATION, 


Is there any wnus 

What method feature in the yai 

do you employ adopted to reduc 
mnt the number 

turn equipment. of movements 

of rolling stock 


COLUMN. 1 2 
Elgin, Joliet & Hast- 
ern Railway Com- East Joliet. Illinois. Turntables, No. 
pany. 

-Delaware, Lackawan- Receiving yard 
na &’ Western Rail- Secaucus. New Jersey. Turntable. is actually the hw 
road Company. yard. 

3 | Delaware, Lackawan- Two turntables 
na & Western Rail- eae a Me ; paaatncrs at the No. 
road. Company. eee y f engine house. 

Me ask eee Wye track at en 

ew York, New Haven opposite turntab 
é Hartford Railroad Cedar Hill. Connecticut. bhstrees Se Additional thorou 
Company. a Cleat rye fare and runnin, 
tracks are provid 
A ‘ Electric 
¢ eee ae Bhs ar: Manchester, New York. operated No. 
BONY: ; turntable. 

6 |. Chicago, Milwaukee Classification of 
& St. Paul Railway Bensenville. Illinois. Turntables. assification Of ¢ 
Company. over the humps 

4 ae North Transcona. ; Manitoba-Canada. Turntable. No. 

Hump yard to exp 
8 | Brie Railroad Com- : classification 
pany. Port Jervis. New York. Turntable. and advance ye 
to relieve same 
9} Bessemer & Lake Hrie : ; Turntable 
Railroad Company. eres Erie Go5 Ea: and wye track. He. 
; ; ; : Principal featur 
10| Baltimore é Ohio Rail- Granawicks Frederick Co., Purdie are general design 


road Company. 


Maryland. 


. solid train yare 


JESTIONNAIRE. 
r shalling yards for goods trains. 
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APPENDIX 1. (Continued.) 


OPERATION. (Continued.) 


ee stenting oF Have you adopted 


pe cams aoe any special arrangement 
He, g in making up trains 


hunting engines, to reduce shunting. 


Switch engines. No. 
unting engines None. 
No. 


Effort is made to classify 

Yard engines. all cars for one train on . 
two adjacent tracks. 

} - 


. SRS 2 Yes, cars placed in station 


a minimum amount 


itching engines. 
: . of switching. 


Yard engines. No. 


unting engines. 


A switch list is used 
showing tracks on which 
cars. are to be placed. 


itching engines. 


° 
~J 


minimize switching 


‘itching engines. 
-: at destinations. 


x—14 


and destination yard order, 


Classify cars so as to have 


Trains are made up with the idea of not breaking up at 
intermediate points more than necessary. 


Trains classified so as to ~ 


Have you any special 
« rrangemenis 
to report to reduce 
the movement of engines 
and empty rolling stock. 


Advise how switches 
are operated and 
how signalled. 


No, Hand operated. 


Hand operated switch lamps 
are used 
Semaphores and sirens, 


Present layout satisfactory. 


Hand operated. 
No.- The switch tender is furnished 
with a classification ticket. 


General flexibility to and 
from engine hause through 
receiving and deparlure yards. 


Electro-pneumatic switches, 
semaphores, air sirens, 
and switch targets and: lamps. 


Hand operated switches 
No in yard, 
.* Interlocking on outlet east 
bound and inlet west bound. 


Varying conditions. are studied 
closely aud cons ant : 
supervision insures Hand operated and signalled. 

the maximum economy. 

Manually operated excepting 
No. at junction interlocking ~~ 
plants. 


Hand thrown except at both 
ends of yards which are | 
controlled by 
interlocking plants. 


Hand operated. 
_. Switch targets and lamps 
are used. 


No. 


: as ; Air whistle signals... _. 
| No; other than design of yard | Switches east bound operated 
and handling main trackers, by push button, - 
West bound are hand operated. 


DESCRIPTION. 


mber. 


vad 
* 7s 3 


“Location of yard. | “° 7" 


Name of railroad. 


Index nw 


COLUMN. . 


Southern Pacific Com- Two turntables _ 
: ; - and one wye. 


, Roseville,» a) alGalitenniar ig 
|. pany. . ee oe. ; 


ae 


_ NewYork Central Rail- 
road Company. . 


| Two turntables 
Sand (anes 
loop track. 


Selkirk. New York. 


E 43| The Atchison, Topeka ; ud eats Maye tas f Paes ake “s al 
es . &. Santa. Fe Rail- Argentine. §| © Kansas. = | Turntable. 
con - way Company. re te ‘ ; ear Wer 
44| The ‘Central Railroad | 3 be aes 
1 | . Company of - New Allentown. | Pennsylvania. - 
Jersey. lee 
15| The Chicago, Rock | sone nS 
: Island & Pacific Silvis, . | ~~. Illinois. 
_|.. Railway Company. bi a . 
ety . Circle track ; : mg 
PS Re SP RR ? ee mits and 85 feet a 
16| Reading Company. . St. Clair. ; Ponnsy i raae, Bede pede eed Nong a. 
: Aten i ae ae ; turntable. | s . 


| sone 
| operated indepen pe 1 
turntables. | thoroughfares to anc 


Reading Company , Ruther ord. | Pennsylvania. » * 


Pennsylvania Railroad 


‘ ‘Enelas ei _ Pennsylvania. ¢ 
_. System, iy etie Tt - 


_ are operated and 


of = 


By hand. 


t< 


Leads from hump controlled jf 


ling cars in stati one _ by power operated — 


hich ae 4 Yided ad) ~~ : switches; other switches 


< bo 


generally hand operated. 


Switches are hand operated _ 
and signalled 
by hand and lantern, 


_| Thoroughfare tracks for 
| movement of engines so as not 
to interfere with 
movement of other engines 
in yard territory. 


By hand. Throw 
‘switches within yard, 
interlocking 
plants at ends of yard. 


fe 
Through trains 

for distant destinations. 
|. Classify other trains 

4 in station order. _ 


By hand. Switch 
stands equipped with 
targets and lamps. 


All switches ipo 
by hand 
switch targets only. 


Yes, by classification 
SG ee 
ve groups on short tracks. 


Electric pneumatic 
~~ push button system. 


- 


Electric, pneumatic. 


4 he tks ee Ie ; i 
' aaNet ayer SI ae a 
Advise how switches  — 
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APPENDIX I. (Gontinued.) QUESTIONNAIR 
Shunting yards : Shunting a 


DESCRIPTION. —_ OPERATION. 


Can you quicker 
movement of trai 


§ : 

: ae aS through the thros 

= Name of railroad. Name of yard. Location of yard. Ping of the yard by 

8 CN oe putting on swite 

3 igs atic tenders at these 

§ points. 

COLUMN. . . 7 8 

1 | Elgin, Joliet & Has!- : ae Yard clerksreporting| Switch tenders us 

ern. Railway Co. Bash eapet Ay to the agent. “lat both ends of yal 
Book record kept 

2 | Delaware, Lackawan- of arrival, train Switch tenders ar 
na & Western Rail- Secaucus. New Jersey. reference, car used when and 
road Company. number etc., by where required, 


yard masters off. 


Tickets marked with Our yards do 
numerals giving car | not require such 
and track number, | additional tender: 


; Car record and ; 
4 | New York, New Haven peat No, switchmen 
é& Hartford Ratlroad Cedar Hill. Connecticut. hemiping lesen? on duty 


number of car, 
Company. track, rider, ete. wate 


3 |. Delaware, Lackawan- 
na & Western Rail- 


BS ' road Company. 


Keyser Valley. Scranton. 
Hump Yard, Pennsylvania. 


No, switch tender 
employed where th 
can be worked. 

to advantage. 


Report of each train 
Manchester. New York, moved, car numbers 
and initials. 


5 | Lehigh Valley Rail- 
road Oompany. 


Report of time | Switch tenders ar 


6 | Chicago, Milwaukee received, when stationed at such 


C Ree ae Beeess Baneeupus) sei et humped, car rider, | places and for thi 
ompany. and daily check, etc. purpose. 
Complete record or eat 
: ae 5 Bae Sage Switch tenders ar 
TT oie Company, «| North Transcona. | Manitobe-Canada. | .vmborandeontents| Used Wherever 
of car is prepared. Ree 
2 : Car record made | Switch tenders ar 
8 | Hrie Railroad Com- . from train lists of |employed and locat 
pany. Bou Jeris: New York. trains arriving and at busy points 
departing. in yard. 
Book records kept 
: showing lading, | Yes, switch tendel 
9} B eggemer.& Like Erie Albion. Erie Co., Pa. arrival, departure | are used during tl 
obits le aye” and train handling busy season. 
: same. 


ESTIONNAIRE. 


weighing by . 
anging or by 
dition of other 
connections 
the scale track. 


to the round house, 
then to an outbound 
train without 


with switching. 


NE eS aaa aaa, sss 


No. Yes 
Track scales Yes 


» not used. 


Road engines do not 
materially interfere 
with switching. 


‘weighing done. 


0 a S| RS Se SS Se ES ee e———eEeESEEE——— ESE ee Ss 


Yo, as scale is 
cated on hump 
ler (Coxton yard). 


Yes, on west bound, no, 
on east bound. 


Engines pass to and 

from engine house 

without interfering 
with switching. 


esent location of 
les results in no 
interference. 


$$$ $$$ 


1 


| : 
sent arrangement 


Yes. 


jent for our 
resent needs. 
, Yes. 
», only a small 
of the cars 
g through oes 
weighed, 


ld you facilitate | Can the enginebe taken 


materially interfering 
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shalling yards for goods trains. 


OPERATION. (Continued.) 


If you are operating 
a hump, can you 
change grades of the 
hump and facilitate 
switching. 


Not a hump yard. 


Yes by a slight 
descending grade 
approaching hump 
to help switch engine. 


Yard masters would 


not consider any change 


in grades 


Low summer and high 
winter humps have 
_ been established on 
parallel tracks. 


Increase grade 
in winter. 


Hump and scales not 
arranged to permit 
changes in grade 

readily being made. 


Present grades 
adequate. 


No hump inthis yard. - 


APPENDIX I. (Continued.) 


Advise method of 
classifying cars : 


do you classify with 


regard to station, 
track and industry 
destination. 


12 


Placed in station 
order. 


Classified with 
regard to station 
destination. 


Yes, to station, 
industry and track 
destination. 


Classified with 
regard to destination 
according to com- 
modities. 


Outbound to 
destination, inbound 
to industry or 
locality. 


Road movements to 
stations and routes. 
For transfer to 
base yards. 


Classify as to station} A check is maintained 
and when conditions| of trains to arrive and 


warrant classify as 
to industry. 


Classify as to 
~ destination. 


If car riders are 
employed, what rule 
or formula do you 
use to determine how 
many are required. 


3 riders at each end 
of yard. 


We have determined 
the average number of 
car rides per man 
per day. 


Number of riders is 
determined from 
advance information 


Average 50 or more 
cars per rider. 


Determined by average 
cuts and time reyuired 
for return of riders. 


Men at this work are 
employed as needed. 
No fixed rule to 
determine number. 


No rule or formula. 


number of car riders 
determined. 


Riders or droppers 
“not employed. — 


ae 


“Name of rallroad. 


Name of yard. Rene 1 of ard. 


th Un eet oa 


a bs 


i 
| bye 


ry 
f 
‘ 
i 


ap _ Baltimoredé Ohio Rail- ae 


road Company 


Sodthors Pacific Com- 
PONY... We nsen es Geet 


N ee ork Central Rail- ih 
road Company, 


Selkirk. —|-- “New York. 


‘The Atchison, Topeka oe 
Argentine. |. 


_& Santa Fe Rail- | 


way Company. } 
EER 144| The Central Railroad | 
, + _. Company of — New | 
Jersey. _ | 
: Aa The Chicago, Rock 
~-1--- Island-- & - Pactfie+~ 
: Railway Company. | 
|16| Reading Company . isd " Pennsylvania. : 
pW al Reading Company. . ____ Rutherford. ae 


c Sour 


‘Pennayloanta Railroad 


System. Complete ¢ car 


record systen b 


Enola. ‘ 
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shalling yards for goods trains. 


OPERATION. (Continued.) 


wld you facilitate | Can the engine be taken 
weighing by © to the round house, 
anging or by then to an outbound 
dition of other train without 
connections materially interfering 
the scale track. _ with switching. 


Advise method of 
classifying cars : 
do you classify with 
regard to station, 
track «nd industry 
destination. 


If you are operating 
a hump, can you 
. change grades of the 
hump and facilitate 
switching. 


If car riders are 
employed, what rule 
or formula do you 
use to determine how 
many are required. 


10 ll 12 13 


ae Yes, as far as 
Yes. Hump is raised a : 
| ae eg anaeiitee te raising possible. Attempt | Average one car rider 
ack to classify at least for every 80 cars. 
| s oat =F for locality. 
Outgoing engines must 
use switching leads used] _ Cars are classified 
by yard engines which | Not operating a hump. with regard to 
at times interferes with station. 
the work. 
Classified with due Number of car 


Yes. Yes. regard to station riders determined 


le located in 
sification yard. order. by experience. 


- re is no inter- 


nce that would 
nt changes in 


We classify trains 


inreatiautlordam We have no riders. 


Yes. We have no hump. 


Varies with number 


eee se of trains handled per 


oee fixed that highest No, classify for aes Tsind movin 
3 possible efficiency can terminals only. y- ee 
F toward yard reported 
be obtained. : 
in adyance of arrival. 
. Scales now ~ * aa 
located and © o hump yards : 
Rinctad to best No. on system. Yes. Car riders not used. 
advantage. 
Yes, to station, One man can make 35 
Yes. Not operating a hump. | industry and track | to 40 runs over scale 
destmation. per 8 hour day. 
, by removing You By having advance 
rom its present ' Humps are constructed to station! report of all cars 
and placing ‘Yes, for normal winter areata expected, can then 
iton —- conditions. SO eee y. determine force 
destinations. 


I shop track. required. 


By business on 
hand and 
reported moving. 


wae 


E iigins “Tolick ae East- 
ern Railway Co. 


na é Wistons Rail- 
road: Coppeana 


road dike (ae cake 


‘é Hartford Railroad Te. 
Company. ~ 


5 “beng Valley Rait-| PSOE dal ou Pais Wet ea sear 3) ope 
road Company. we re So yh “nie Be caste oy BaSeated swell Ins 


Chicago, Milwaukee 
é& St, Paul. ee 
Sieret 


ESTIONNAIRE 
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rshalling yards for goods trains. 


OPERATION. (Continued.) 


Total number 


833 
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APPENDIX 1. (Continued.) 


eee: of tons of coal loaded 
‘engines ; : Total number | Total number Daily average number 
rned in a AY ORIEL CI: Gia, of yard engines | of yard crews | of cars transferred on 
period employed, employed. account of defects. 
24 hours. 5 Ava 
Anthracite. Bituminous. 
14B 14c 14D 14n l4r 
55 388 18 {8 5 
55 370 16 16 3 
15 tntons ot coat 9 9 No transfers made in this 
yard. 
An average 
110 200 tons. 25 of 50 shifts are 5 
employed. 
Very few, about one car 
50 400 15 15 per month. 
0} 400 32 40 From 2 to 3 cars per day. 
170 35 42 3 
599 20 20 Average 1 per day. 
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— 


Shunting yards : Shunting a 


DESCRIPTION. OPERATION. 


, Bio Ms Mika Number of cars han 
‘ . . od 
Pike tac Ra in each directio: 
. from end of yard, | tna period of 24 ho 

Name of railroad. Name of yard. Location of yard. If rider arack 

is provided give 

location and ‘ ‘ 
method of operation. | Leaded. Emp 


Index number. 


COLUMN. = © 13 14a 
9| Bessemer & Lake Erie : ae N. B. 448] NB. 
Railroad Company. Albion. Erie Co., Pa. S. B. 828 
; hex . . , : Motor cars with ; 
{0} Baltimore & Ohio Rail- - Frederick Co., nee ae £. B. 1 200} E. B. 
road Company. Brunswick. Maryland. ae W.B. 500 |W. B. 
14| Southern Pacifie Com- ae es ta B. B.: 705 | E. B, 
anid: Roseville. California. eo W. B. 745.1 W. B. 
Two rider tracks in P 
42| NewYork Central Rail- . c “i each classification | 8. B. 3 000 s 
‘ road. Company. non New yore yard. Gasoline | W.B.1000|]W.B. 3 
motor cars, 
»| The Atchison, Topeka : ¥ 
é& Santa Fe Ratl- Argentine. Kansas. We have no riders. vee a a 
way Company. : eee > hoy 
14| The Central Railroad - No rider track, men : Z 
Company of New Allentown. Pennsylvania. walk; the distance is oe 
Jersey. about 300 yards. a 


15] The Chicago, Rock : 
Island & Pacific Silvis. Illinois. Car riders not used. 4 200 to 4.50C 
Railway Company. 


: By gasoline driven 
s y3 p independent 1 
16| Reading Company. . St. Clair. Pennsylvania. fiack Gaeitlel Sith {000 South 


yard. 


By gasoline motor . 
car on track ceutrally ( nm Wace 

{7| Reading Company. . Rutherford. Pennsylvania. kccates = pas 1 800 W. Nern 
bound hump. Walk 5 407s 

back on west bound =f s 

hump. f 
On switch engines 

Enola. Pennsylvania. with poling cars, ; - = pe. 
r or gas motor cars. oe 


18} Pennsylvania Railroad 
System. 


==> 
eS 


es | of cars 


_ Average > 


ie 10 a 


+ > 


| Daily ave 


One car every 2 days. 


verage number — 
transferred on 
account of defects. 


re 


s > 


ye .. 


’ “7s 


1000 tons 


a + 


r yard engines | 


at 


9 


1 urs each, 


19 


-8 hours each. 


- as 

5 3 -* 

8 to 40 
» > 
i 
' 28 oom 

a 

- on 
h , 
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APPENDIX TI (figs. 1 to 10). 
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REPORT No. J 


(America, Great Britain and colonies) 


ON THE QUESTION OF ESTABLISHMENT OF LIGHT RAILWAYS (SUBJECT XIII 


FOR DISCUSSION 


AT THE TENTH SESSION OF THE INTERNATIONAL 


RAILWAY CONGRESS ASSOCIATION), () 
By H. MARRIOTT, 


LATE ASSISTANT TO GENERAL MANAGER, LONDON MIDLAND & SCOTTISH RAILWAY. 


Figs. 1 to 14, pp. 857 to 869, 


In thinking over the best way of deal- 
ing with the subject on which I have the 
honour to report, it seemed desirable to 
take stock of the present position in re- 
gard to light railways and, if possible, 
draw lessons from the experience gained 
since their inception. 

With that object I issued a compre- 
hensive questionnaire to those countries 
allotted to me, and should like to take 


the earliest opportunity of thanking the . 


Officers of those Administrations who 
have taken so much trouble in preparing 
and sending answers to my enquiries. 
The information thus obtained has 
been very valuable, but it is not con- 
sidered necessary to incur the expense 
of printing the voluminous data which 


- have been compiled. 


In the British Isles, so far as it is pos- 
sible to draw a line of demarcation be- 
tween light and heavy railways, the 
mileage of light railways, so-called, can 
be taken to be, approximately, 1500. 
This figure embraces lines of fourteen 
different gauges, the narrowest being 
45 inches only (of which there are but 


7 1/4 miles) and the widest, the stan- 
dard of 4 ft. 8 1/2 in. (of which there 
are ‘some 650 miles). Of the narrow 
gauges, the 3 feet gauge would appear 
to be the most favoured in the Kingdom, 
there being no less than 638 miles of 
track having this gauge alone. 

Replies from the United States of 
America confirm the statement made be- 
fore the Rome Congress by Mr. H. B. 
Spencer of the Southern Railway of that 
country, that the term « light railway » 
is seldom, if ever, applied there, the un- 
derstanding being that light railways of 
Europe correspond with « dummy lines » 
and electric suburban trolley lines in 
that country. 

In Canada there is nothing analogous 
to the light railway as generally under- 
stood, all lines (with the exception of 
about 250 miles on Prince Edward Is- 
land) being of standard 4 ft. 8 4/2 in., 
gauge. In recent years, however, there 
has been a recognition of the different 
classes of railways by the amount of 
cash subsidies that were given but no 
clear. line marking this difference ob- 


(4) This question runs as follows; « Methods of establishing light railways or lines for developing 
new countries. (Laying out, gradients, standard gauge, narrow gauge, elc ) » y 
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tains. The lines are spoken of as main, 
main trunk and important or minor 
branch lines. The standards for main 
lines are not the same, varying accord- 
ing to the density of the traffic.. 
Dealing with Australia, the Govern- 
ment of New South Wales state that none 
of their lines can be regarded as light 
railways and the whole of them are con- 
structed on the standard (4 ft. 8 1/2 in.) 
gauge. Up to the year.1890, or there- 
about, it had been the practice to con- 
struct all railways, no matter what their 
location or what the probable business 
would be, in a thoroughly solid and sub- 
stantial manner. In the year mentioned, 
however, the then Chairman of the Rail- 
way Administration suggested that a 


lighter system of construction might be- 


adopted so as to minimise the capital 
cost of construction, and, in the first in- 
stance, the practice of constructing lines 
with the lightest possible earthworks, a 
rail of 60 lb. per yard instead of 74 1/2 Ib. 
per yard previously used, and very light- 
ly ballasted, was adopted. 

This latter system, termed then the 
« pioneer » type of railway, has been 
with few exceptions adopted in connec- 
tion with all construction since that time 
anda considerable portion_of the total 
railways in New South Wales is of the 
light pioneer type, the permanent way 
being laid on earth formation and bal- 
lasted with earth. 

From the Federated Malay States 
comes the information that there are no 
light railways, and Administrations in 
New Zealand state that the subject does 
not apply to them. 

In India, according to published sta- 
tistics, there are about 15 000 route miles 
of metre gauge and about 3 000 miles of 
2 ft. 6 in. gauge railways, but whilst in 
Kurope the metre gauge has been largely 

» adopted for the purpose of light rail- 


ways, metre gauge lines in India, or the 
greater proportion, are heavily built 
main lines, and, therefore, cannot be 
regarded as light railways. The place. 
of light railways in India has, to a 
large extent, been taken by the so-called 
feeder lines of 2 ft. 6 in. gauge, the 
development of which has occurred in 
the course of the last twenty years. 
These lines are usually constructed in 
a substantial manner, and the rolling 
stock in use is surprisingly large. The 
permanent way is usually of 44 Ib. 
per yard, flat-bottomed rails laid on 
wooden sleepers and ballasted with 
broken stone throughout. 

The average cost per mile on a pre- 
war basis, including all equipment, was 
about Rs. 15.000, equal to £1 000 at the 
exchange rate of Rs. 15 to the pound. 

There are also some 100 miles of 
2 feet gauge railway in India but they 
have as a general rule been regarded as 
less efficient than the 2 ft. 6 in. gauge 
lines and it has been strongly urged that 
the latter gauge should be the standard 
for feeder lines in India. 

It may be mentioned that feeder lines 
in India are considered as highly im- 
portant, as the greater part of the coun- 
try is insufficiently served by roads. 

In India there are also light railways 
of the standard, or 5 ft. 6 in. gauge, and 
of the metre gauge, making physical 
junctions with the main line railways, 
thus avoiding transhipment, but the gen- 
erally accepted view in India seems to 
be that for the development of the coun- 
try, where the traffic to be expected is 
small, the greater cheapness of the 
2 ft. 6 in. gauge more than balances the 
expense and inconvenience of tranship- 
ment if the length of the branch or feeder 
lines exceeds, say, 20 or 25 miles, 

As regards Jamaica, a very interesting 
report was made by Lieutenant-Colonel 


2 Oaktree Date me i ee a i i ee eee 


Hammond to the British Colonial Office 
in 1923, from which it appears that there 
are no light railways on the island, the 
gauge of the Government Railways being 
4 ft. 8 1/2 in., and the total length, in- 
cluding branches, 200 miles. 

A mileage of 200 to a total area of 
4450 square miles or 22 41/4 square 
miles per mile of track shows that 
Jamaica, so far as mileage is concerned, 
is well supplied with railways, but 
though the actual amount of railway is 
considerable the system is said to be 
seriously handicapped in several ways. 
It is considered that a 3 ft. 6 in. gauge, 
or metre gauge line, would have suited 
the mountainous nature of the island 
much better than the standard, as it 
would have been cheaper in capital cost 
and would have had ample capacity for 
the traffic. 

As regards South Africa, at the 
31 March 1923, there were 1135 miles 
of narrow gauge railway in the Union, 
of which 437 miles were in South-West 
Africa. 


* 
* * 


The subject « light railways » has 
been under discussion in one form or 
another at previous meetings of this 
Congress and there appears to have been 
some doubt as to the real meaning of 
the term. 

What is regarded as a « light » rail- 
way in one country may be the recognis- 
ed standard line in another. Take, for 
example, the 3 ft. 6 in. gauge railways 
in South Africa, where heavier engines 
and wider rolling stock, with a better 
proportion of live load to tare weight are 
used than in the case of railways of 
4 ft. 8 1/2 in. gauge in other parts of 


- the world. Again, in India, where there 


are about 3 000 miles of 2 ft. 6 in. gauge 
(as well as some hundreds of miles of 
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2 feet gauge), the width of the carriages 
is 7 ft. 6 in. and the wagons carry a 
load of 16 tons. 

(1) A departure from standard gauge 
is not an’ essential characteristic of 
« light » as distinct from « heavy » 
railways. A light railway may be of 
normal gauge or it may not, and the 
erroneous tendency to regard the terms 
« light » and « narrow gauge » as syno- 
nymous is no doubt due to the fact that 
in the nature of things the question of 
departing from the normal practice has 
arisen most frequently in connection 
with the promotion of light railways. 

Mr. J. C. Mackay in his book Light 
Railways defines light railways as rail- 
ways constructed to a lighter standard 
than the main lines of the country, work- 
ed:at a slower speed, and with less ac- 
commodation for passengers and goods, 
but capable of carrying the main line 
rolling stock, but not the main line en- 
gines. 

That well-known authority on trans- 
portation, Sir William Acworth, has stat- 
ed in this connection that « a definition 
is in the nature of things impossible », 
but « a light railway must be something 
simpler and cheaper than an ordinary 
railway ». 

Evidently something of this kind was 
contemplated when the Light Railways 
Act of 1896 was passed by the British 
Parliament and the Light Railway Com- 
missioners then appointed (whose duties 
two years ago were transferred to the 
Ministry of Transport) were authorised 
to settle the terms of the draft Order 
submitted by the Promoters and insert 
any further provisions for the public 
safety which appeared to them after local 
inquiry to be necessary. 


(1) Report of Light Railways Investigation Com- 
miltee, 1921, Ministry of Transport. 
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Notwithstanding the greater elasticity 
and simplicity of procedure afforded by 
the above-quoted Act and the later one 
of 1912, it cannot be said that there has 
been any appreciable development in 
Great Britain in opening out new districts 
by means of light railways, and only a 
few of the constructed lines have been 
worked at a small profit. It is only in 
rare cases that the Ordinary Share- 
holders have received a dividend on their 
holdings. Further, the outlook is not 
promising having regard to. the increases 
in costs of materials and working ex- 
penses, particularly since the eight-hours 
day was made applicable to employees 
on light railways. 

The following particulars culled from 
a recent Report of the Ministry of Trans- 
port are very interesting as showing the 
small development which has taken place 
in Great Britain under the operation of 
the Acts of 1896 and 1912 : 


738 Mileage... 
ATT —- 


5 217 
2235 


Number of applications... 
Number granted........... 


Of these however only 936 miles have 
been constructed, whilst a further 
68 1/2 miles were under construction at 
the 31 December 1928. 

The foregoing figures clearly indicate 
that there has been no lack of enthusiasm 
on the part of Promoters in bringing for- 
ward schemes for development by light 
railways but rather that there have been 
circumstances which have tended to 
prevent the ultimate attainment of the 
objects sought. 

Further evidence of difficulties with 
which Promoters have been confronted 
is found in the fact that of the sum of 
one million sterling made available by 
Statute for advances by the British 
Treasury, only £226 000 had been ad- 
vanced up to 34 December 1923, in res- 
pect of 144 miles (£165 305 by way of 


lree grants and about £60 700 by way 
of loans) whilst a further amount of 
£200 475 had been conditionally pro- 
mised in respect of 83 1/2 miles which 
had not been proceeded with. Thus, of 
the original Treasury Fund more than 
half was not assigned. Since the pas- 
sing of the Railways Act of 1924, the 
British Government have agreed to-sub- 
scribe £162 500 in respect of 44 miles of 
line under construction. 

What is the reason for this disap- 
pointing state of things in Great Britain 
(after paying due regard to the world- 
disturbing factors of the last ten years) 
in contrast to the high degree of effi- 
ciency attained by the principal railways 
and also by the light railway systems in 
Belgium, etc.? 

In the opinion of the Light Railway 
Commissioners one of the chief reasons 
why light Railways have not been con- 
structed in rural districts was that the 
character of the cultivation was not such 
as to yield sufficient produce to afford 
a paying traffic or to support upon the 
land a population sufficient to provide 
a remunerative passenger and general 
traffic. The view is held that in Great 
Britain there are yet many and large 
rural areas which are capable of and 
should obtain a state of development in 
which light railways would form an im- 
portant factor in any system of local 
transport organised on an economical 
basis. ; 

Another reason to which this failure 
to carry out the construction of author- 
ised light railways may be attributed is 
the difficulty in raising the necessary 
finance either by way of subscriptions 
from the public or local authorities or 
by inability to comply with the condi-. 
tions under which advances are offered 
under the Light Railways Acts. _ 

The Light Railways Commissioners 
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ascribed this in great measure to the fact 
that the Acts did not empower the Trea- 
sury to advance more than a proportion 
of the total capital required and that in 
recent years the requisite balance in the 
shape of private capital had been seldom 
forthcoming. Another and even more 
potent reason for the inability to take 
advantage of Treasury support was to be 
found in the fact that a contribution 
made in the form of a loan under sec- 
tion 4 of the Act of 1896 ranks before 
the share capital of the undertaking con- 
cerned. This has tended to place the 
holder of Ordinary Shares at a distinct 
disadvantage and it is the Ordinary 
Capital, not the Debentures of the under- 
taking, for which it is difficult to find 
subscribers. On the Continent, on the 
other hand, the contributions made by 
Public Authorities are frequently on an 
equal footing with the capital subscribed 
by ordinary private investors. 

In March 1920, the British-Minister of 
Transport appointed a _ representative 
Committee (including Sir William 
Aeworth, Sir John A. F. Aspinall and 
other well-known authorities on Engin- 
eering and Transport) « to examine and 
report upon the future policy and deve- 
lopment of light railway operation and 
construction in the United Kingdom, due 
regard being given to the possibility of 
utilising roads for mechanical transport 
as an alternative ». 

The result of their investigations is 
embodied in a Report issued by the 
Ministry of Transport dated the 26 July 
1921. This Report, with its voluminous 
Appendices, contains a complete survey 
of the subject and is worthy of careful 
study. The concluding paragraph is so 
important that I have produced it in 
extenso : 


In concluding our Report we should 
add that one of the broad results of our 


- 
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enquiry has been to confirm our impres- 
sion that a new and different conception 
of the character and: functions of a light 
railway is both desirable and necessary 
We are convinced that existing notions 
with regard to the construction and 
operation of light railways generally are 
based upon experience originally gained 
in the construction and working of the 
great main lines and that main line tra- 
ditions have governed and hampered 
the economic development of the small 
undertakings. 

Light railways, in our opinion, should 
be regarded from quite a different angle. 
We think that, instead of endeavouring 
to maintain standards of speed and 
service somewhat akin to those adopted 
by main line undertakings, it should be 
recognised by all concerned that light 
railways are in an essentially different 
category and must depend for their suc- 
cess upon emancipation from main line 
conceptions of construction and oper- 
ation. We are satisfied that a lower 
standard of speed is a first essential and 
that, with the adoption of such a_stan- 
dard the necessity for elaborate methods 
of construction and working would lar- 
gely disappear, with the result that the 
economic position of the light railway 
industry could be radically improved, 
and that without any serious sacrifice 
of efficiency. 


The average cost of construction per 
mile of ordinary light railway in Britain 
is very little under that of standard 
gauge, as shown by the following figures 
extracted from the British Light Rail- 
ways (Investigation) Committee’s Report : 


Capital cost per mile, easy country. 


Typical 4 ft. 8 1/2 in. gauge line 
built to carry heavy locomo- 


tive (Kent & East Sussex £ 

Line Pa Ss 6 367 
Light Railway, 2 ft. 3 in. gauge, 

light locomotive (Campbeltown 

& Machrihanish) 4910 
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Light Railway, considerable part £ 
of line laid on public road, 


gauge 3 feet (Clogher Valley). 3333 
Capital cost per mile, difficult 
country. 12 000 


It is probably correct that the present 
day cost of construction and equipment 
of light railways is not less than twice 
that of pre-war times, and an average 
return of little over 2 % per annum on 
the capital expended is not sufficiently 
attractive to investors. Careful study of 
the whole of the circumstances has prov- 
ed that the poor financial results ob- 
tained from light railway working in 
Great Britain are not due so much to any 
failure to exercise economy in the matter 
of working expenses as to the smallness 
of the earnings in relation to the capital 
of the undertakings concerned, 7. @., 
broadly speaking, the amount of traffic 
with which they have to deal is insuf- 
ficient to produce a reasonable return 
upon the capital on which dividends are 
payable. 

Enough has already been said to de- 
monstrate that if capital is to be attract- 
ed and the necessary stimulus given to 
the opening of new districts by rail com- 
munication the cost of construction and 
working must be materially reduced in 
comparison to what has hitherto been re- 
garded as the standard in Great Britain. 
The remarkable achievements in Belgium 
(« Société Nationale des chemins de fer 
Vicinaux »), for example, in this respect 
are well-known and have been reported 
to earlier meetings of the Congress and 
need not be dealt with again in detail. 
No better example is within my know- 
ledge of the development there made pos- 
sible for affording cheap rail communi- 
cation of metre gauge (Vignoles rails : 
41 lb.) at a cost of about 56 000 fr. per 
kilometre. Lines of this-standard meet 
local requirements but some lines are 


constructed for short distances with mix-. 
ed gauges of 1 m. and 1 m. 435 (4 ft. 
8 1/2 in.) a third or a third and fourth 
rail being provided for the-purpose of 
enabling main line vehicles hauled by 
narrow gauge engines to use the light 
railway for the purpose of gaining direct 
access to certain classes of works, quar- 
ries, ete. 

The question of gauge came promi- 
nently under notice of the Belgian 
authorities at the close of the Great War 
when the relaying of destroyed lines had 
fo be settled and after thoroughly ex- 
amining the subject in all its bearings 
they decided to adhere to the principle 
of the narrow gauge. 

The British Light Railways (Investi- 
gation) Committee of 19214 also discuss 
this point at great length in their Report 
and arrive at the conclusion that. « where 
a proposed light railway is to be so locat- 
ed that no connection with the main line 
is possible or likely to be required, the 
choice of gauge may be determined in 
the main by considerations of economy 
in construction and maintenance ». They 
recommend, however, « that where con- 
nection is to be made with a main line 
or there is reason to think that such 
connection may ultimately be necessary, 
a narrow gauge should not as a rule be 
adopted unless the proposed light rail- 
way is to have a lead of more than 
20 miles or is intended to form an in- 
tegral part of an existing narrow gauge 
system which could not advantageously 
be converted to standard gauge, and that 
in cases where it is decided to depart 
from the standard the gauge selected 
should be 2 ft. 6 in., which should in 
future be regarded as the standard di- 
mension for narrow gauge lines ». 

In the development of new countries 
and districts where the traffic prospects 
are not sufficient to justify the capital 


cost of a standard gauge line, a 2 ft. 6 in. 
gauge might be laid cheaply in such a 
manner and on the understanding that 
it can be easily lifted if and when a 
standard gauge line is justified in the 
general interest. 

It has been said that the cost of con- 
structing a line of narrow gauge is very 
little less than that of one of normal or 
standard gauge and this may be true in 
countries where land is cheap and the 
country is « easy » from the engineering 
viewpoint but where land and labour are 
costly every foot of width and every 
eubie yard of excavation and filling in- 
| volved represents a highly important 
element in the consideration of expen- 
diture. 

‘ It will probably be urged that such a 
narrow gauge system would carry with 
it great disadvantages in transhipment, 
but these can in many cases be overcome 
by organisation or by the use of mechan- 
ical appliances. A simple and. effective 
method adopted at some junction stations 
in Belgium is to raise the narrow gauge 
lines so as to bring the floor of the wagon 
to the same level as that of the wagon 
on the main lines which enables tran- 
shipment of traffic to be made easily and 
at small cost. : 

The cost of transhipment as represent- 
-ed by the time occupied in the handling 
-of goods may also be minimised by the 
use of « containers » transferable to 
main line wagons or by the adoption on 
the narrow gauge line of wagons the 
bodies of which can be transferred to the 
main line, but in such cases it has to be 
borne in mind that freight charges would 
be raised by the main line Companies in 
respect of the « container », whilst the 
use of them would entail the provision 
-of cranes at small stations where such 
apparatus would not be otherwise neces- 
osary. 
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Another system devised to obviate the 
trouble and delay of transhipment is that 
which is in operation at Waterhouses on 
the Leek & Manifold Light Railway 
(Staffordshire) by which trucks of nor- 
mal gauge can be transferred to and 
from the light railway. These trucks 
are run over the latter by means of trans- 
portation cars which are on bogie wheels 
and have rails corresponding with the 
normal gauge, upon which wagons, etc., 
of that gauge are placed; the top rails 
of the transportation car fitting to the 
rails on the permanent way of the or- 
dinary gauge railway at the junction of 
the two lines. 

Mr. J. C. Mackay states that « reduc- 
tion of gauge enables curves of very 
small radii to be used, and whilst a 
5 chain radius is as small as it is con- 
venient to go on a 4 ft. 8 1/2 in. gauge, 
a 3 chain radius can be used on the 
metre gauge and a 1 1/4 chain radius 
on the 2 ft. 6 in. gauge and the railways 
will still be in good working condi- 


-tion ». 


The question of curves in laying out 
a line in a difficult country is one of 
great importance as it enables a railway 
to follow the contour of the ground, to 
avoid heavy embankments, cuttings and 
tunnels, and by these means to effect a 
greater saving in first cost. 

In the development of poor districts, 
light railways are of much more service 
than the main line. The main line being 
of considerable cost, must be taken as 
straight as the « le » of the country will 
allow between the two objective points, 
and cannot, therefore, deviate to the 
right or left for the purpose of serving 
an outlying town or moderate-sized vil- 
lage, and the working of the traffic will 
not allow of frequent stoppages for pas- 
sengers or goods at small stations. The 
local railway, however, for the purpose 
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of securing traffic and following out the 
intentions for which it was constructed 


can go out of its direct route to servea - 


large farm or small village and the cost 
will ‘not be greatly enhanced thereby. 
With local railways as feeders to the 
main lines an enterprising farmer, for 
instance, might extend the siding right 
into his homestead and by means of a 
portable railway convey the trucks to the 
very spot where he wishes the goods to 
be taken up. 

Whatever disadvantages there may be 
by the departure from standard gauge are 
more than counter-balanced by the say- 
ing in construction cost resulting from 
the flexibility of alignment rendered pos- 
sible by the use of short radius curves 
with consequent reduction in the cost of 
earthworks, ballasting, sleepering and 
special structures. 

It is the general practice in Great 
Britain for light railways to be fenced 
throughout. Having regard to the con- 
ditions prevailing in the country, com- 


plete exemption from the obligation to 


fence could not reasonably be expected, 
but in undeveloped countries there would 
be many places where the requirements 
in this respect could be made more 
lenient without sacrificing either safety 
or convenience. Much depends on the 
speed: of the trains and local conditions, 
but if the lines were classified accord- 
ing to a speed limit as suggested by the 
British Light Railways (Investigation) 
Committee of 1921, there should be little 
difficulty in giving Promoters some re- 
lief under this head. 

In the construction of a light railway 
the permanent way is generally the most 
costly individual item and the weight of 
the rail to be chosen is, therefore, a 
factor of the first importance. This 
cannot be determined, however, without 
reference to the maximum axle load to 


be carried and to the speed which is to 
be observed. 

In all Orders, etc., authorising lines 
constructed in Great Britain since the 
passing of the Act of 1896, specific re- 
gulations have been laid down regarding 
axle-load, weight of rail and speed. The 
speed standard generally adopted for the 
standard gauge light railways was a 
maximum at any time of 25 miles per 
hour, the weight of rail varying from 
56 Ib. per yard for a 412-ton axle-load 
to 70 Ib. per yard for a 16-ton axle-load, 
but on narrow gauge lines with smaller 
axle-loads lighter rails were prescribed. 

Investigations show that out of 
24 light lines of normal gauge construct- 
ed up to 1908, 24 adopted a heavier rail 
than the minimum prescribed in the 
Order. In most of these cases the 
heavier rail selected was second-hand 
and probably more economical to pur- 
chase than new rails of the lighter 
weight prescribed, but im some cases 
where a lighter rail was first laid it was 
found to be inadequate for main line 
engines with axle-loads of prescribed 
weight, and also to be uneconomical 
from the point of view of maintenance. 
The relative standards were, therefore, 
increased in 1908, and in the result a 
rail of 58 lb. per. yard was prescribed 
for an axle-load of 12 tons; 64 lb. per 


yard for a load of 14 tons and 70 Ib. 


rail for an axle-load of 16 tons. 

Mr. J. C. Mackay states that the 
« weight of rail should not exceed 30 Ib. 
per lineal yard on which a four-coupled 
engine weighing 15 tons will haul a 
gross load of 150 tons up a gradient of 
1 in 100 or 75 tons up 1 in 50. Engines 
up to 25 tons can be used on this rail 
with a haulage capacity of 225 tons up 
1 in 100 ». 

In the view of the Light Railways 
(Investigation) Committee the consider- 
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ations which should guide the appro- 
_ priate Government Department in decid- 
ing whether any particular line should 
or should not be treated as a light rail- 


are intimately associated with factors of 
speed, permanent way construction and 
weight of rolling stock. 

They suggest that maximum speeds 
might be found to constitute one of the 
most important governing factors and 
that so far as this particular factor is 
concerned, light railways should be 
classified in two groups as follows : 


1° Lines having an authorised maxi- 
mum speed of 25 miles per hour, and 
2° Lines having an authorised maxi- 
mum speed of 15 miles per hour. 


The extent of the technical advantages 
which may safely be conferred on light 
railways will necessarily be determined 
by the limitations of speed which these 
undertakings will be willing to accept, 
and a classification of the kind suggest- 
ed would admit of the elasticity of 
treatment and ensure that undertakings 
desiring to obtain the fullest measure of 
advantage might do so by adopting speed 
limits specified for lines in class 2. 

Another burden has been put upon 
railway companies since the war in the 
shape of heavier rates for road improve- 
ment and maintenance. The enormously 
increased use of the roads by mechanical 
transport has necessitated a higher stan- 
dard of road construction and mainten- 
ance, and the railways have not only had 
to bear a greater proportion of the cost 
of these services but they have suffered 
substantial losses of revenue by reason 
of the diversion of traffic, mainly of the 
better paying classes, which has been 
attracted from the railways to the roads. 
Tt is well-known that Railway Com- 
panies generally are feeling the effects 


way under Section 18 of the Act of 1896 - 
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of competition by road motor vehicles 
and this competition is particularly keen 
in the case of short distance traffic. 
Bearing in mind that few light railways 
have any considerable length of lead it 
is to be expected that the effects of this 
competition will be felt in no small de- 
gree by them. 

In considering the policy which should 
govern the future construction of light 
railways, the post-war development of 
mechanical road transport cannot be dis- 
regarded. One cannot fail to recognise 
that road transport services are daily 
meeting a public need and there may be 
instances in which a motor service may 
ultimately prove more economical and 
efficient in the opening out of new coun- 
tries, than a Jight railway service prov- 
ided suitable roads are available. 

In this connection it must be borne in 
mind that whilst the construction of new 
light railways would involve the pur- 
chase of land, the construction of per- 
manent way, and provision of depots and 
stations, road transport does not call for 
such expenditure. 

In an endeavour to ascertain how the 
cost of a road transport service would 
compare with that of a corresponding 
light railway service, the Light Railways 
(Investigation) Committee had estimates 
prepared on the assumption that the 
former would be required to bear a fair 
proportion of the cost of constructing 
(or of re-constructing) and maintaining 
the roads on which it would operate, but 
they found that no estimate which was 
based on a consideration of average costs 
or of the figures relating to a limited 
number of individual cases could be re- 
lied on to furnish any guide to general 
policy. 

The question of whether the principle 
of « grouping » could be applied to light 
railways has been considered by those 
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having practical experience of the work- 
ing of such undertakings. Such a sys- 


tem would undoubtedly lead to economy _ 


in the centralisation of management, the 


purchase and supply of materials and 


stores by the establishment of central re- 
pairing shops. It would seem desirable 
that any development of new countries 
by light railways should as far as pos- 
sible be dealt with from this point of 
view. 

As illustrating the development which 
can be achieved in countries where there 
is almost an entire absence of restric- 
tions the report of what-has been done 
by the Buenos Ayres and Great Southern 
Railway Company in the Argentine dur- 
ing the last four years is very interest- 
ing. 

By means of Decauville feeder lines 
the Company have aimed to extend the 
area under cultivation in agricultural 
districts by affording facilities for the 
removal of produce from farm to station 
at rates which would be unattainable if 
transport had to be done by carts. 

Since 1907 the Railway Companies of 
the Argentine Republic have worked 
under the provisions of the Mitre Law 
which prescribes that 3 % of their net 
receipts shall be turned over to the 
authorities to be devoted to the construc- 
tion and maintenance of the highways of 
the Republic under the jurisdiction of 
the National Roads Commission. Whilst 
the work executed by this body has no 
doubt improved the conditions it is gen- 
erally conceded that the degree of main- 
tenance actually practised is insufficient 
to cope with the deficiencies, and that 
the practice of surfacing these roads 
with earth, while giving temporary re- 
lief during dry weather, leaves no last- 
ing results. The latter can be obtained 
only by the liberal use of durable stone 
which, except in certain confined areas, 


is a material exceedingly scarce in the 
Argentine Republic. 


Although the introduction of the auto- _ 


mobile has contributed to increased faci- 
lity of movement, transport over the ear- 
then lines of communication is conduet- 
ed now, as it always has been, by means 
of horse-drawn vehicles with the handi- 
cap of slowness and uncertainty at the 
best of times, and during periods of con- 
tinued wet weather transportation has 
perforce to cease altogether. Therefore, 
not only are the producers at the mercy 
of the cartmen, but to the first cost of 
production of the fruits of the land there 
has to be added a heavy item in respect 
of actual road transport, with the atten- 
dant disability of a highly variable fac- 
tor in the matter of the period of delivery 
to railway stations. 

A continuance of wet weather often 
involves the loss or abandonment of 
large quantities of valuable produce, a 
loss both to the farmers and to the Rail- 
way Companies, and under these depres- 
sing conditions the stimulus to add to the 
area under cultivation — especially in 
districts remote from broad gauge lines 
— is not present, and it may even be said 
that the impassable state of the roads is 
a direct deterrent to the spread of agri- 
culture and population. 

These were the circumstances, there- 
fore, which actuated the Buenos Ayres 
Great Southern Railway Company in lay- 
ing down the lines to which I have re- 
ferred and of which they have supplied 
the following general description and 
illustrations. (Figs. 1, 2 and 3.) 

The system of construction is simple, 
there is comparative freedom of action 
as regards working, and there are no 
costly requirements to conform to. The 
lines laid are of the Decauville 2 feet 
gauge type and they serve the purpose 
of feeding the broad gauge stations in 
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certain districts in order to afford rapid, 
regular and reasonable economic com- 
munication with the cultivated zones, 
and they have been designed to overcome 
the difficulties and cost of transport 
over the earthen roads of communica- 
tion. 2 

The lines are located and graded, in 
so far as it is possible with the maxi- 
mum gradients, to give a surface line 
and to follow along the fences to avoid 
the intersection of properties. 

All lines are single with crossing sid- 
ings every 5 km. Steam engines and 
petrol tractors are employed and the 
outward gradient» (maximum) is 4 in 
80 while the inward gradient (maxi- 
mum) is 4 in 150. Curves are limited 
to 100 m. radius, although the sharpest 
permissible curve is 50 m. radius. 

The rails vary from 20 lb. to the yard 
to 74 lb. to the yard and are fixed to 


steel and hardwood sleepers by bolts and 


clips or dogspikes. 

The maximum axle-load employed is 
3 1/2 tons and although there is no 
maximum prescribed, a load of 3 1/2 
tons is considered to be the highest. per- 
missible load for 20 lb. track. For the 
heavier tracks the load could easily be 
increased to 6 tons per axle but it is not 
considered advisable to do so owing to 
the larger maintenance required to keep 
up the line. 

The maximum speed over. the line is 
governed by the capabilities of the trac- 
tor which is about 14 km. an hour. 
Steam locomotives are only used on the 
heavier tracks and these are limited to 
18 km. an hour, which is considered to 
be the maximum speed compatible with 
safety. 

Authority for the laying down of the 
lines is apparently extremely simple, 
consisting in the presentation of a plan 
and section and brief description of the 


859 
Xiti—15 


line to the Municipality of the Depart- 
ment through which the line runs. 
Their sanction is all that is necessary, 
the Government or Railway Board hav- 
ing no power to intervene where the 
gauge of lines to be laid is less than 
5 feet. 

Although it is not necessary to pur- 
chase land for the purpose, permission 
is obtained in writing from each indi- 
vidual landowner for the line to be con- 
structed through his property but this 
is purely an arrangement between the 
owner and the Railway Company, the 
Municipality having no right of inter- 
vention. 

The whole system would seem to be 
constructed on the most economical prin- 
ciple. There are no réstrictions as to 
level crossings and consequently cros- 
sings are not protected in any way and 
fencing is only put up where the line 
happens to run along a road owing to 
the objection of a landowner to its pas- 
sing through his property. 

There are no stations in the true sense 
of the word. At certain centres where 
traffic loading is intense a hut is placed 
for the accomodation of a telephone man 
who is stationed there to receive orders 
for empty wagons and give details of the 
loaded wagons. (Crossing sidings at 
every 5 km. are used and loading sidings 
as well. At other points where the in- 
tensity of cultivation warrants it, dead- 
end sidings are laid down. 

Ali rolling stock is owned by the 
Buenos” Ayres Great Southern Railway 
Company, the wagons consisting of open 
and box ball-bearing bogie wagons. with 
capacities varying from 3 1/2 to 8 1/2 
tons, the tractive units being 20. and 
40 H. P. « Simplex » tractors, 40 H. P. 
Baldwin traetors and « Hunslet » — 
4-6-0. — locomotives. 

The working, construction and main- 
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tenance of the lines is under the control 
of the Ways and Works Department of 
the broad gauge line, all matters of gen- 
eral policy coming under the jurisdic- 
tion of the General Manager. 

The fares, rates and charges have no 
relation to those on the main railway 
line. The guiding factor was the esta- 
blishment of a goods rate which, having 
regard to the more regular and more 
speedy service afforded, would be ad- 
vantageous to the agriculturalist hitherto 
dependent on road cartage, and at the 
same time remunerative to the Company. 
Through rates are not in force. 

Although there was a small loss in 
working the lines in 1922, the Buenos 
Ayres Great Southern Company attribute 
this to the fact that the line was only in 
its early stages of development and had 
not reached maturity. 

It is estimated at present day prices 
of materials that the cost of construction 
per mile of Decauville lines in the Argen- 
tine is £1240; £ 640 materials and £600 
labour. 

Great hopes are centred on the suc- 
cess of this new branch of the service, 
not so much from the standpoint of a 
business venture, per se, as from the 
opening up of a new agricultural coun- 
try, with concomitant increase of traf- 
fie to the main line. 

The advantages of Decauville trans- 
port over the present cartage system may 
be summarised as follows : 


1°’ Traffic can be transported on the 
Decauville lines during wet Seasons, 
i, e., when after heavy rains roads are 
impassable for carts; 

2° When cartage is the only alterna- 
tive, the farmer has to provide cartmen 
with food and fodder for their horses, 
in addition to reserving from 25 to 
75 acres for grazing the animals; while 
the relations between farmers and cart- 


men are not always as amicable as they 
might be, owing to disputes occasionally 
arising about prices, etc. All these dif- 
ficulties are eliminated by Decauville 
transport; 

3° Cartmen continually alter tariffs, 
taking advantage of prevailing condi- 
tions, such as a big harvest or bad roads, 
when the cost of transport arises. In 
dry weather or with poor harvests when 
carts are plentiful cartmen lower rates 
and compete among themselves; 

4° Carriage for a distance of 30 km. 
occupies on the round trip from 2 to 
3 days whereas by Decauville line a few 
hours are sufficient. The average cart 
carried 8 1/2 tons so that to convey 
100 tons 30 km., 6 carts with 90 horses 
would be required, each cart making 
2 trips every 5 or 6 days in good wea- 
ther; 2 trains, formed of 3-ton trucks, 
would do the same work in a day. With 
bogie trucks, one train would be more 
than enough; 

5° The outstanding feature of this De- 
cauville service once it has been firmly 
established, is that transport facilities 
from farm to station, in good or bad 
weather, added to the regularity of cost 
in moving the produce to the station, 
will greatly reduce the figure this serv- 
ice costs at present, and, therefore, di- 
minish the cost of production to the 
farmer. This will enable the farmers to 
get more for their work, even at re- 
duced prices for produce, than under 
ruling conditions, which subject them to 
all sorts of exactions and uncertainties 
on the part of the cartmen. Cheap pro- 
duction gives the farmer and the coun- 
try generally an advantage in compet- 
ing in the world’s markets which does 
not need emphasising. 


The adoption of the 60 cm. gauge was 
influenced by the fact that it has been 
demonstrated all over the world, more 
particularly in France during the war, 
that this type of line is capable of car- 
rying very heavy traffic in a successful 


and economical manner, while it is not 
too heavy to provide a certain amount 
of elasticity in the event of it being ne- 
cessary to remove the track from one 
locality to another, and lift and relay it 
in some more productive zone. 

In constructing these lines, the Com- 
pany not only had to bear in mind their 
value as feeders to the main line, besides 
giving better access to the stations, but 
also the impulse they would give to the 
development of hitherto uncultivated 
areas and in actual practice the latter 
effect has been abundantly produced. 
It was at first thought that these lines 


might profitably be laid along the pu-- 


blic roads but reflection showed that in 
such a position they would be liable to 
serious damage by the heavy campcarts, 
sometimes drawn by as many as twenty- 
five horses, passing along these high- 
ways, whilst stray cattle would also in- 
flict damage to the light earthworks em- 
ployed in the work of construction. It 
was, therefore, decided that they should 
be laid through the camps, which has 
been done in practically every instance. 

Although the conditions governing the 
construction of these lines in the Argen- 
tine are not common to all countries, it 
may be stated that it has been found that 
to be an economical and financial suc- 
cess, they must be projected beyond a 
25 km. radius to the broad gauge sta- 
tion; anything inside this area being 
subject to keen competition. 

The selection of operating centres was 
governed by the presence of cultivation 
in a stabilised form, complemented by 
the possibility of further large areas 
being placed under the plough, as a re- 
sult of the arrival of the Decauville lines. 

As was to be expected, the installation 
of this system of transport aroused con- 
siderable opposition from the local car- 
ters, who had hitherto enjoyed a com- 
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plete monopoly of the transport oper- 
ations in the districts concerned but this 
has now disappeared, the men having 
realised that it was hopeless for them to 
try to compete on equal terms, and they 
are now seeking to develop business at 
points beyond the field of influence 
covered by the Decauville tracks. This 
will naturally benefit the country as 
camps hitherto unprovided for and with- 
out adequate means of communication, 
will now have a surplus of carters to 
meet the want, at probably very much 
lower rates than in the past. 

The deductions which may be drawn 
from a comprehensive study of the whole 
of the facts revealed during the prepara- 
tion of this Report are, that any system 
of transport in the development of new 
countries should be fitted to the condi- 
tions which actually prevail, and that it 


should not be hampered by the adoption 


of standards of construction, equipment 
and operation better fitted to a more ad- 
vanced stage of development. Thére are 
three factors involved: the traffic, the | 
track and the machinery of operation, 
and these should be in harmony. 

Discussion is frequently confined to 
construction alone, but it is the inter- 
action of these phases of the problem on 
each other and on the traffic, which de- 
termines the economic success or failure 
of the installation. Hence the impor- 
tance of a careful study of the len 
in all its bearings. 

The opening out of new districts de- 
pends very largely upon widely extend- 
ed, cheap and efficient transport faci- 
lities. Any system of transport which 
can show substantially reduced first 
cost, upkeep and operating charges will 
confer a great boon. There must be 
pioneer tracks of some sort, whether 
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road or rail, in undeveloped areas be- 
fore a population can settle and develop, 
but the provision of these tracks is fre- 
quently held up owing to the high cost 
of construction, equipment and_oper- 
ation — a feature specially marked since 
the war. Again, if this primary diffi- 
culty be overcome and the capital be 
raised, the interest and standing charges 
are serious matters and exercise such 
a discouraging influence that it may take 
many years to settle a virgin country 
with a population of sufficient density 
to ensure enough traffic to make roads 
and railways of the usual type pay their 
way. The producer wants to be brought 
into close touch with markets, and to 
this end the transport system should be 
flexible and intimate. It should, in 
fact, go where the traffic is, eliminating 
subsidiary haulage as far as possible and 
giving a frequent and regular service at 
low cost. 

To what extent can the need be met 
by established methods? (1) Animal 
haulage subsists, but must obviously 
more and more give place, in general, 
to mechanical haulage in some form. 
Where roads exist, recourse may be had 
to the motor lorry. But traffic so car- 
ried demands specially good roads, and 
these, if they exist at all, cannot be as 
ubiquitous as is necessary. Further, the 
load which can be carried by one lorry 
is small in relation to the dead or non- 
paying load, resulting in high ton-mile 
haulage costs. Also, which is very im- 
portant, the high tractive resistance ab- 
sorbs power in a very serious way. 


Heavy motor traffic too is hard on the 


roads, so that maintenance charges are 
high. In fact, metalled roads suitable 


(4) Mr. Alexander Galbraith, ¥. R. 5. EH. : 
Article on « Roadrail » system (Modern Transport, 
42 April 1924). 


for the high axle loads of motor traffic 
are so expensive that the desired net- 
work of transport lines cannot, it would 
seem, take this form. Motor transport 
has its place as a collecting and distri- 
buting agency in large centres of popu- 
lation, where high class streets and roads 
are necessarily provided in any case but 
is not generally suited to an earlier and 
more elementary stage of development. 

In the absence of roads suitable for 
mechanical transport the mind turns to 
light railways. Much.has been expected 
from them, but as we have seen they are 
not being built te an extent commensu- 
rate with the need. — 

Experience has proved that, except in 
a few cases; track construction and 
equipment of light railways of the usual 
type cost more than the traffic can bear, 
and construction and equipment are in- 
ter-related. The tractive force of a loco- 
motive being limited by the adhesion, the 
lower the adhesion value between the 
wheel and the track the greater must be 
the adhesion weight. For light railways 
with steel wheels on steel rails the ad- 
hesion weight should be about 4 1/2 
times the maximum tractive foree, and 
as rails, sleepers and roadbed must be 
proportioned to the axle-load of the loco- 
motive it is plain that the construction 
cost of light railway track of the usual 
type is very seriously affected by the 
fact that the locomotive runs on, and 
takes its adhesion from, the rails. From 
these considerations it is seen that the 
cost of the track is some function of the 
tractive force developed per each driv- 
ing axle of the locomotive or tractor em- 
ployed. The insistent public demand for 
speed and power on main lines has re- 
sulted in a road-bed and equipment of 
a very high but very expensive order, 
which have been applied, in thought and 
in practice, to subsidiary lines to which 


<< ll ll 


; 


~ 


they have no completely relevant appli- 
cation. . Topographical features, more- 
over, impose their will either by causing 
the location to be changed to suit the 
desired alignment in which case the 
traffic suffers, or by demanding heavy 
filling and cutting, which adds greatly 
to the cost. 


on light railways, the axle-loads of the 
rolling stock (other than locomotives) 
are, or may be, such that a lighter track 
would suffice if the rails had only to 
meet the needs of the rolling stock, 
just as light track suffices for animal 
haulage. By combining the principles 
of road transport and rail transport, 
taking the adhesion from the ground 
(where adhesion is high) and hauling 
the load on the rails (where resistance 
is low) a system has been devised called 
the « Roadrail », by which it is claimed 
to afford a light, cheap and efficient 
construction and equipment, adapted to 
the needs of a growing traffic. 

In the « Roadrail » system (see 
figs. 4, 5, 6 and 7) the driving wheels 
of the tractor or locomotive do not run 
on the rails, but on the road-like surface 
of wheelways, either between or outside 
the rails (usually outside). The wheel- 
ways may be formed of any suitable 
material readily obtainable, e. g., stone, 
timber, concrete, or, it may be, under 
favourable circumstances, simply the 
natural surface of the ground. The 
driving wheels of the tractor are rubber- 
tyred, and have thus a high factor of 
adhesion on the wheelways, up to, 60 % 
of the adhesive weight, as against 20 to 
22 % in the case of steel tyres on steel 
rails : a ratio of about 8 to 1. It follows 
that for a given tractive effort the load 
carried by the driving axle or axles of the 
Roadrail tractor need only be one-third, 
say, of the corresponding weight of the 
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On almost any railway, and certainly 
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driving axles of the ordinary adhesion 
locomotive doing the same work; in other 
words the necessary tractive force can be 
developed with a very light axle-load, 
such as the wheelways can easily stand 
up to, while the rails carry no driving 
axle-load at all. 

As an illustration, one might consider 
two small locomotives of the internal 
combustion type, of equal power, deve- 
loping, say, 35 H. P. at the rims of the 
driving wheels at 3 miles per hour, cor- 
responding to a tractive force of nearly 
2 tons. No. 4 is a Roadrail tractor with 
rubber tyres and No. 2 an ordinary ad- 
hesion locomotive with steel tyres. No. 41 
will require an adhesion weight of 
about 3 and one-third tons carried 
wholly on the wheelway; while No. 2 will 
require about 9 tons on the rail-support- 
ed drivers if it is to develop the full 
tractive force of 2 tons without slipping 
on the rails. For higher powers the ad- 
hesion weights will rise in proportion, 
and it seems clear the track must soon 
lose all title to be called « light » if the 
adhesion is to be derived from the rails. 

It is claimed for the Roadrail system 
that by it a light railway can be really 
light in all its parts: track, tractors and 
rolling stock. The stock, preferably of 
the double bogie type, with a good ratio 
of paying to non-paying, or dead load, 
may have a low axle-load of the order 
of 2 tons, and thus the rails, sleepers and 
foundations of the track may be corres- 
pondingly light, with consequently low 
first cost and interest charges. Also, the 
high adhesion of rubber tyres on the 
wheelways enables comparatively light 
tractors.to handle and control trains on 
very steep gradients, thus obviating ‘the 
expense of filling and cutting already re- 
ferred to. 

The system may be a self-contained 
unit serving the varied internal needs of 
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a large area, or may be applied as feeder 
lines to ordinary railways. Light branch 


feeders or tributaries can be thrown out 
to farms and factories, or a convertible 


Fig. 4. — Road-rail tractor, petrol 50/75 Il. P., single bogie type. 


Front view, showing front road wheel. 
> r=) 


type of light tractor may be used, which, 
when required, can leave the rail and 
collect traffic in out-lying districts and 


rejoin the rail at any point. 


An essen- 


tial feature of the tractors is their ease 
of steering when on rail service. This 
is effected by means of the bogies which 
run on the rail and support the part of 
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Fig. 5. — Road-rail tractor, steam double bogie type. 


Side view, showing driving wheels lower than bogie wheels by the height of rails. 
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Fig. 6. — A Reversible steam road-rail tractor, 
50 H.P., 2 feet gauge track, 16 lb. rails. 
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the weight of the tractor which is not 
borne by the drivers, and prevent the 
driving wheels from straying from the 
wheelways. It is thus possible to work 
the road-railway by day or night, as any 
ordinary railway is worked, without risk 
of derailment, while the driver is left 
free to attend to the mechanism. Various 
designs of tractor are in use and under 
construction, and may be broadly classed 
under two heads according as they are 
convertible for either road or rail haul- 
age, or of the « all-rail » type adapted 
for purely rail service. 

Convertibility is of essential impor- 
tance in many districts, as it enables the 
tractor to leave the rail and operate as 
a road vehicle where rail tracks have not 
been laid, thus increasing the radius of 
action of the system. The convertible or 
single bogie type tractor, when used for 
purely road service, functions as a motor 
hauler with or without trailers, but when 
working, as it normally does, on rail 
service, the front end of the vehicle is 
supported on a rail bogie, with the front 
road wheels clear of the ground. The 
greater part of the weight of the machine 
is on the rear drivers, which run on the 
wheel tracks and give the necessary ad- 
hesion as discussed above. The front 
end of the machine rests on its bogies 
through the medium of a ball or uni- 
versal joint, which permits the driving 
wheels to accommodate themselves to any 
inequalities of the wheel track surface, 
without losing adhesion. The wheel 
tracks may be at or above the rail level, 


or as much as 12 inches below that level, 


without affecting the safe running of the 
tractor. The driving axle is normally 


differentially driven. 


The machine shown in the first illus- 
tration (plate No. 4) has been specially 
designed and constructed for convertible 
service. The rail bogie is carried with 


the tractor so as to be always available, 
and conversion from rail to road, or vice 
versa, can be effected in less than a 
minute by the easily manipulated gear 
which is provided. 

For certain services, however, a con- 
vertible machine is not required. The 
remaining photographs (figs. 5, 6 
and 7) illustrate an all-rail machine 
of the double-bogie reversible type, 
which is extremely flexible and adapt- 
able to large variations in both the road 
and rail surface. It is driven by a steam 
engine, but all tractors may be driven 
either by steam engines deriving power 
from ccal or liquid-fuel fired boilers, or 
by internal combustion engines running 
on petrol or paraffin. The tractor for 
Uganda is built to the 24-inch gauge. 
The roadrail system in that country ex- 
tends from Kampala to Bombo, a distance 
of 26 miles. It has a ruling gradient of 
4 in. 25, except for two short lengths of 
4 in. 20. The top surface soil has been 
removed throughout, and the wheel- 
tracks gravelled, the rail track being un- 
ballasted. The capital cost of such a 
track is approximately £1 200 per mile. 
The illustrations indicate the flexibility 
of the tractor and the method in which 
it can overcome irregularities in the 
road, even if these irregularities consti- 
tute a series so close together that be- 
fore the wheels are right over one they 
are on to another. It is stated that be- 
fore leaving the shops, the all-rail trac- 
tor in question was put to a drawbar 
pull test, when the scale registered a 
pull of 5600 lb. a surprising load con- 
sidering the weight on the driving 
wheels. 

The usual continental light railway 
gauge has been adopted for certain 
Roadrail installations, as also its prac- 
tical equivalent 24 inches British. With 
rails weighing 16 lb. per yard, axle-loads 
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of 1 1/2 to 2 tons are permissible. As 
already noted, the gradients in general 
may be very much steeper than is usual 
on light railways of ordinary construc- 
tion operated by locomotives taking ad- 
hesion from the rail. Where desired, 
gradients of, say, 1 in 15, and curves 
of 30 feet radius may be included in the 
layout of the line, as compared with the 
usual limiting gradients of 1 in 40 and 
curves of 150 feet radius. Thus, the line 
can be conveniently located through pro- 
ducing areas, choosing the best route for 
development purpcse, and reducing 
banking and cutting to a minimum. 

It is considered that a Railroad track 
of equivalent capacity to an ordinary 
British light railway could be, built for 
£1 250 per mile. Such a substantial ad- 
vantage is bound to re-act favourably 
upon the economic position of any un- 
dertaking, and in conjunction with cheap 
and efficient operation, may turn a loss 
into a substantial profit. It may be 
useful at this stage to point out that in 
Great Britain to-day the cost of the me- 
talled road 412 feet wide, to carry 
400 tons per day, is over £5000, that 
is, more than four times the cost of a 
mile of Roadrail track, and the annual 
maintenance cost about £230 per mile. 

The Roadrail system has for some 
years been in actual operation in South 
Africa, Uganda and Morocco, and is 
stated to have given most satisfactory 
results. In Spanish Morocco a_ track 
14 miles in length and of 60 cm. gauge 
was laid for military purposes. Over 
this track 450 tons of stores were hauled 
daily by three Roadrail tractors which 
replaced a fleet of 50 motor lorries and 
thus yielded a considerable saving of 
time and money. The track in question 
is now being extended another 25 miles. 
At Forgandenny, Perthshire, a Roadrail 
track, four miles in length, has been 


installed for the Stronachie Distillery 
Company. It is laid along the side of 
an old mountain road, one of the worst 
in Scotland, and with a 4 in. 12 grade. 
The tractor is of the convertible type. 
It is first used to haul heavy trailers 
through the village from the main rail- 


way station, and then mounts a narrow ~ 


gauge track and completes its journey as 
a rail yehicle. 

A demonstration track for the con- 
veyance of passengers was laid down at 
the British Empire Exhibition last year 
and excited much interest. The track 
had a gauge of 24 inches, and rails of 
16 lb. per yard, the total length of the 
circuit with a loop at each end being 
2600 yards. There was a minimum of 
level, the ruling gradient being 1 in. 20 
and the curves varied from 60 to 80 feet 
radius. 
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Another form of cheap transit which 
has been brought to notice is that of 
« Rutways », as illustrated in figures 8 
to 14. The wheels run without any 
flanges on flat metal surfaces at the 
bottom of two deep ruts in the lowest 
part of the Permanent Way, and are con- 
fined to these ruts by the vertical sides 
of the rail angles, and by the stone bal- 
last heaped up along either side of each 
rail. 

The inventor of this system (Mr. W. H. 
Perry) states that in ordinary ground, 
such as the plains of India, this Rutway 
track can be laid down, if of 20 miles 
or more in length, for about £1 000, or 
Rs. 15 000 per mile, complete with rol- 
ling stock. 

The -speeification of this « Underail- 
able railway track » or « Rutway » con- 
sists of a railway track in which each 
rail is formed of ordinary angle iron 
bars laid singly or doubly as shown 
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in figures § and 9 held together at in- 


tervals by means of stiff steel grips, 
shown in section round the angle rail 
in figure 10 and flattened out or de- 


, veloped in figure 11. 
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These grips, and 
the angle bars inside them are tied 
to the requisite gauge by means of or- 
dinary tie-rods, shown in figure 12. On 


Fig. 41. 


Figs. 8 to 14. — Details of Rutway track. 


sharp curves with heavy traffic every 
4" or 5™ tie-rod may be replaced by a 
racked angle-iron tie-bar with rack teeth 
biting downwards into the ground un- 
derneath, as shown in figure 13. <A sec- 
tion of the complete track is shown in 


figure 14. This angle rail track is laid 
on and along the bottom of two deep 
ruts in the ballast, or, for heavy and 
permanent lines, on -a deep concrete 
bedding of suitable cross-section. Or- 
dinary flangeless wheels can travel on 
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this Rutway track, and as they are very 
heavy and run along the bottom of the 
ruts, they cannot be derailed. 
* 
* 

I have endeavoured within the pres- 
cribed limits of this Report to show the 
need for a modified form of light rail- 
way construction as compared with that 
which has hitherto been considered ne- 
cessary in some countries, if the opening 
out of new districts is to be encouraged 
and stimulus given to agriculture in all 
its forms by affording cheaper means of 
transport. 

In particular, so far as Great Britain 
is concerned, it appears most desirable 
that the labours of the Light Railways 


(Investigation) Committee should not be 
overlooked and that the recommenda- 
tions set out in their Report of 26 July 
1921, should be given a fair trial. I de- 
sire to acknowledge the great assistance 
from that valuable Report in the prepa- 
ration of this paper. 

Some of the new methods to which 
allusion has been made for affording 
less expensive means of communication 
might also be examined with the view 
to experimental lines being constructed 
in undeveloped areas and the results re- 
viewed at the Madrid meeting. If the 
discussions at this Congress lead to a 
greater interest being taken in this im- 
portant subject a very useful purpose 
will have been served. 


APPENDIX. 


Detailed list of questions relating to question XIII. 


LIST OF QUESTIONS. 


1. — Brief history as to promotion of exist- 
ing or proposed railways, including descrip- 
tion of the districts served or proposed to be 
served, stating (inter alia) whether residen- 
tial, industrial or agricultural, giving names 
of existing railways. 


2. — The principal commodities conveyed 
or likely to be conveyed. 


3. — Are railways of temporary nature, 
constructed in the first place with a view to 
permanent railways being provided when 
traffic warrants it ? 


4, — Description of chief features of con- 
struction of railways stating : 

a) Mileage, showing separately single and 
double tracks and sidings as distinct from 
branch lines; 


b) Junctions with main lines, if any; 

c) Exchange points or tranship points 
showing to what railways; 

d) Gauge of line; 

e) Gradients; 

f) Radii of curves; 

g) Types of sleepers; 

h) Types of rails; 

j) Method of fixing rails; 

k) Nature of ballast; 

1) Maximum axle-load of rolling stock used 
and permitted, 


5. System of locomotion. 


6. Speed of trains : 

a) As booked; 

6) Maximum authorised ; 

c) Maximum which, with safety, is possible. 


7. — Dates railways authorised and opened 
for traffic, giving particulars of acts or other 
authority. 


8. — Describe the principal difficulties en- 
countered in the construction of railways 
owing to nature of strata, and the point of 
view of supply of materials and labour. 


9. — Give topographical. features of the 
country, including information as to necessity 
for viaducts and bridges. 


10. — To what extent are level crossings 
permitted and are they protected by gates or 
other means, and to what extent are railways 
at other points protected by fencing or 
hedges ? 


11. — Dimensions of loading gauge. 
12. — Number of stations and halts. 


13. — Particulars of any intermediate sid- 
ings controlled by stations. 


14. — Description of accommodation provid- 
ed at stations and halts : 


a) Buildings; 

b) Cranes and weighbridges; 

c) Cattle pens; 

d) Dimensions of platforms; 

e) Yard, roadway and loading dock accom- 
modation for merchandise, cattle, ete. ; 

f) Facilities for transhipment including 
particulars of transfer banks and appliances 


15. — Details of methods of transhipment, 
including : 

a) Narrow gauge trucks to standard gauge 
trucks, and vice-versa; ; 

b) Contents of narrow gauge trucks to 
standard gauge trucks and vice-versa; 

c) Any special arrangements for tranship- 
ment of coal or other heavy commodities ; 

d) Transhipment of water-borne traffic from 
hoat to rail or vice-versa ; 


16. — Particulars of rolling stock showing 
whether owned or hired. ~ 


17. — Number and types of locomotives, 
showing number in steam daily. 


__ 18. — Water supply, showing source, how 
obtained and stored and whether pumping is 
involved. 
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19. — Particulars as to composition of trains 
showing : 


a) Passenger trains : maximum; 


= = average; © 
b) Freight trains maximum; 
= —F average; 
c) Mixed trains : maximum; 
= aa average. 
20. — Maximum gross load hauled by loco- 
motives.. 
21. — Types of buffers and draw gear. 


22. — Method of lighting. 
23. — Method of heating, if any. 


24. — Particulars of property owned by 
Railway Company other than that required 
in connection with the working of the line. 


25. — Description of operation, i. e., sys- 
tem of working (e. g, one engine only in 
steam, train’ staff, and ticket, electric train 
staff, ete.) with special reference to the ab- 
sence of restrictions which are normally ‘in 
force on trunk lines. Particulars of any spe- 
cial requirements or restrictions under acts or 
orders, etc., with statements as to how far 
such requirements are considered reasonable. 


26. — Particulars of telegraphic or teleph- 
onic communications. 


27. — Engine mileage for year 1922. 


28. — Working time tables and appendices 
thereto. (Copies may be furnished and ap- 
pended.) 


29. — Particulars of any instances where 
railways are crossed on the level by other 
railways and description of -protective mea- 
sures provided. 


30. — Particulars of running powers (if 
any) possessed by railways. 


31. — Volume and earnings of traffic, 
showing separately passenger and merchan- 
dise, for year 1922. 


32, — Particulars of organisation and staff. 


33. — State form of accounts, and, if 
available, include copy of accounts for year 
1922. 
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34. — Particulars of capital, showing amount 43. — If worked independently does rail- 


authorised and amount- issued. 


35. — Total cost of construction of the 
line, including the cost of land and incidental 
expenses, but exclusive of rolling stock and of 
maintenance and repairing works and plant. 


36. — Total cost of rolling stock owned by 
the Company, if any. 


37. — Total cost of manufacturing and re- 
pairing works and plant, if any, including 
land. 


38. — Cost of any other capital assets. 


39. — Debit or credit balance of capital 
account at end of 1922. 


40. — Gross receipts of railways for year 
1922, and expenditure. 


41. — Basis of fares, rates and charges, 
and the relation of these fares, etc., to those 
on the main railway systems. Indicate 
whether fares are charged at uniform rate or 
on a zone system or pro rata according to 
distance, and whether « through » fares and 
rates are in force. If « through » rates are 
in force, state how they are composed and 
divided. 


42. — Are railways operated by owners, 
State or other railway companies ? 


way company receive any allowances by way 
of rebates or other payments from other com- 
panies with whom traffic is exchanged. If 
so, give particulars. 


44, — If railway worked as an independent 
concern, or by another company which charges 
the actual cost of working, details of the ex- 
penditure under’ the following heads should 
be given : 

a) maintenance and renewal of way and 
works; 

b) maintenance 
stock; 

c) operating expenses; 

d) general and other charges. 


and renewal of rolling 


45. Information as to tonnage of traffic per 
train and per truck, and earnings per train, 
per train mile and per ton mile. 


46. — Particulars of working expenses as 
compared with revenue, indicating any special 
reason for profit or loss in working. 


47. — Nature and effect of road competi- 
tion, if any. 

48. — Average return on capital invested. 

49. — Is it the practice for contractors 


constructing railways to accept shares in part 
payment ? 
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REPORT No. 2 


(all countries, except America, Great Britain and colonies, 
China and Japan) 


ON THE QUESTION OF ESTABLISHMENT OF LIGHT RAILWAYS (SUBJECT XII 
FOR DISCUSSION AT THE TENTH SESSION OF THE INTERNATIONAL RAILWAY 


CONGRESS ASSOCIATION), (*) 


By Mr. BONNEAU, 


CHIEF ENGINEER OF ROADS AND BRIDGES, 
LATE GiNERAL INSPECTOR OF PUBLIC WORKS IN INDU-CHINA, 


In the list of questions sent out to a 
somewhat large number of railway com- 
panies, we had in view the comparison 
between the various methods adopted in 
the establishment of light railways for 
the opening up of new countries. We 
received very interesting replies, but 
many of the administrations or affiliated 
companies pointed out that they did not 
run light railways, and consequently 
this class of railway could not belong to 
the section with which we are deal- 
ing. 

The material we had gathered there- 
fore is less important thah we expected, 
and in one of the future sessions of the 
Congress, it may be found worth while 
to reserve a special title for railways 
laid down to open up new countries 
without classifying them with those 
usually. called « light railways ». 


Generally speaking, the replies received. 


show that the lines in question were 
arranged from the start with character- 
istics that were intended to last inde- 


finitely and were very little altered alter 
they were laid down. 

There were’ certainly a few cases in 
which curves were reduced or some im- 
provement added to some part or other, 
but we have been unable to discover any 
changes which could be compared with 
those brought about on certain transcon- 
tinental lines of North America, or to 
that which is at present taking place with 
the principal line in Corea. 


All the lines from which we have re- 
ceived particulars are built to the metre 
gauge, with the exception of three con- 
nected with the Dutch Indian railways, 
the gauge of which is 1 m. 067 (3 ft. 
6 in.). It is possible, however, that this 
is measured between rail centres, in 
which case it would be equivalent to the 
metre gauge between rails which is gen- 
erally adopted. 

We had hoped to receive some parti- 
culars relative to the lines operating in 
the Sahara, the most important of which 
is built to the standard wide gauge. The 


(4) This question runs as follows : « Methods of establishing light railways or lines for developing new 
countries (laying out, gradients, standard gauge, nari ow gauge. etc.) » 
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administrations, however, replied to our 
questionnaire that these limes could not 
be classed under the heading of light 
railways, which is quite correct. 


The weight of rails varies from 20 to 
26 kgr. (40.3 to 52.4 lb. per yard), but 
‘those less than 25 kgr. (50.3 Ib.) have 
gradually been replaced by rails of 
heavier section, either 25 kgr. (Djibouti 
to Addis-Abeba line); or 25 kgr. 75 
(51.90 Ib. per yard) (Dutch Indies lines); 
or else 26 kgr. 1 (52.61 lb.) (standard 
type of the West African French rail- 
ways). 


It is rather curious to note that the 
sleepers used on the railways of the 
French colonies are almost without ex- 
ception metal, whilst those of other co- 
Ionies in similar districts are of wood. 
It seems certain, however, that when the 
road is laid down, if the country through 


which the line runs is poor in timber, 
or there is any difficulty in obtaining 
timber from the forests, it is better to 
make sure of a supply that can always 
be easily replenished by the use of metal 
sleepers. What happens later on in ser- 
vice is a matter which can be discussed 
later. 


The rolling stock is generally compos- 
ed of light locomotives of various kinds 
and goods wagons of 10 t. capacity. One 
of the lines, however, connected with the 
Java railways is worked with Mallet 
compounds of 66 t. similar to those used 
on the main line. One of the same kind 
of locomotives is also running on the line 
from Kayes to the Niger, but cannot be 
worked at its full capacity on account 
of the lightness of the rails. 


Paris, 4 July 1924. 


SUPPLEMENT. 


Detailed questionnaire relating to question XIII. 


LIST OF QUESTIONS, 


1. — Name the districts served by the rail- 
ways, with details of their population, prin- 
cipal exports and imports, and the distances 
from the roads of communication which exist- 
ed previously. 


2. — Were the lines constructed in view of 
being permanent, or were they constructed 
cheaply with the possible intention of improy- 
ing the later ? 


3. — Give the chief particulars as regards 
construction: width of road, maximum 


gradients both ways, radii of the curves, max- 
imum load allowed on the bridges, ete., kind 
of ballast, distance between sleepers, and what 
the latter are made of, type and weight of 
rails, method of jointing, length of loop lines, 
standard type of rolling stock and composition 
of the ordinary trains. 


4, — Length of time taken from com- 
mencing the work until the lines or sections 
of lines were opened to traffic. 


5. — Give the chief obstacles met with 
during construction due to the form and 
nature of the land crossed, water courses in 
the way and the difficulty in the provision 


~ah oy 
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of the necessary materials and water, finding 


of labour and supplying food, as well as sa- 
nitary arrangements. 


6. — Give an account of the general costs, 
keeping separate as fas as possible : 


preliminary work and getting out the plans; 
laying the road bed, bridges, ete.; 
_ construction of the line with its accessories, 
such as: stations, water supply, locomotive 
sheds, workshops, telegraph and _ telephonic 
communication, ete., and the requisite rolling 
stock. 


7. — State as far as possible financial ex- 
penditure : costs ‘relating to the forming of 
companies, bonuses allowed to various funds 
or to subscribers to shares, interest, ete. 


8. — Give a list of the principal additions 
made since opening the lines. 


9. — Give.particulars concerning the upkeep 
of the line and the special difficulties arising 
from the nature of the ground and water, the 
effect of quick sands, if any, the replacement 
of sleepers, and the organisation and feeding 
those in charge of keeping the lines in repair. 
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10. — State the general working condi- 
tions, such as: the relative importance of 
passenger and goods traffic, principal points 
at which traffic originates and where sent to, 
giving their chief traffic and mileage, the 
size of the trains, their total tonnage and 
their useful tonnage, also the distance carried: 
passengers, tons, trains. 


11. — Give a general idea as regards rat- 
ing, such as: ordinary rates and special rates 
most generally used both ways, also the aver- 
age earning of the passenger-kilometre, ton- 
kilometre and train-kilometre. 


12. — What are the chief working results : 
passenger and goods receipts ? 


13. — Give the chief causes of profit and 
loss in working. 


14. — What is the profit on capital charges 
and who is charged with the deficit if this 
takes place ? 


15. — What extensions are being made or 
are in view, and what are the results that 
may be expected from them ? 
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